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CHAPTER I. CONCEPTS OF SOIL AS A NATURAL RESOUPCE 
The single most significant pollutant of our national waters is 
sediment. Sediment as suspended soil particles is moving into virtually 
every stream and reservoir of our country. Indeed, much of this movement 
of soil is the natural course of an aging earth. Induced to leave its ini­
tial resting place by intense rains, soil moves with water runoff into the 
streams. This seemingly simple but costly water pollutant is the subject 
of this study. 
Water quality has become the battle cry of the environmentalist. Water 
is a staple of life, a necessary ingredient in the persistence of natural 
biological systems. As such, much emotion accompanies the discussion of 
water in the United States. The seemingly unlimited availability of water 
prompts the existence of many abuses in its use in some regions of the coun­
try. Often these abuses are sanctioned by the development of institutional 
restrictions such as water and land use rights and policies, while other 
regions suffer greatly from a lack of sufficient water, in either quantity 
or quality. 
In most areas of the United States today, however, there is enough 
water to maintain the natural ecological system of the area and to satisfy 
the needs of man if he is not too concerned with what the water tastes like 
or looks like, or that he might become ill or die from its use, or that 
a high expense exists in cleaning the water so it can be used. It is 
rather obvious, even to the casual observer, that the important interface 
between man and water Is the use to which the water is put. If a stream 
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is simply a receiving ground for waste, the quality of water is of no con­
cern. Yet, man and his related biological systems have needs for water 
other than simply for dumping refuse- Man must consume water, wash in it, 
and play in it. Perhaps a more important use is having water of sufficient 
quality to provide subsistence to the natural systems that sustain life. 
Therefore, if water is fouled by toxic or destructive materials, important 
ecological links are broken and the production of food for man decreases. 
The human ecosphere depends on nature and the natural link to other forms 
of life. Man does not live alone. If the toxicity of the water breaks the 
link between man and other life systems, man ultimately suffers. 
The use to which the water is to be placed determines water quality 
required, and if scarcity exists in the supply of this quality water, then the 
quality of water is an economic good. The use, demand, and supply of qual­
ity water link together to specify a cost and a willingness to pay. At-
tâûpting to assess the inipacts and affects of Improved water quality is 
the goal of this study. However, any such study must be confined in scope 
or it becomes unmanageable- Suspended sediment in the rivers of the United 
States, a singly important water quality variable, has been chosen as the 
water quality variable for this study ( 9, 49& 62, 78). The physical and 
economic effects of goals and policies in sediment water quality are ex­
plored and analyzed on a national scale. Of all water quality variables, 
sediment and its related components are most closely related to agricultural 
production. This close relationship is the basis for this analysis. 
The remainder of this chapter briefs the fundamental concepts of 
stream water quality and their linkage to the environment of man through 
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the agricultural production system. This interface is between economic 
demand for water quality and agricultural coomodities. The two goals are 
not exclusive, and thus, trade-offs exist. The problem of society is to 
determine how to evaluate the trade-offs in water quality policy and imple­
ment needed controls. This study is an assessment on a national scale of 
some of the alternatives society has in dealing with this most abundant of 
water pollutants, suspended sediment. 
Man in the Future World 
Water is one of the elements found to have natural limits on the finite 
"spaceship earth." The human system is not closed, to put it in the terms 
of Boulding (7), Kneese, Ayres and D'Arge (36), or Georgescu-Roegen (19). 
The dependence of any system on inputs or stimuli from the outside makes it 
by nature open; open to the continued necessity to provide inputs, open to 
the need to expel excrements into other systems. For millennia, man's de­
pendence on nature seemed to be limited only by his own ability to adapt 
to slight modifications of inputs from the biosystems about him. His use 
of resources from other systems seemed not to diminish the supply of these 
inputs. The resources of nature were, if not unlimited, so abundant that 
concern over their supply was not justified. Water was one of these inputs 
viewed as essentially unlimited except in certain arid regions. 
Land resources also seemed to be without limit to early man. Indeed, 
only within the last 100 years has the frontier really ceased to exist as 
most habitable lands have become occupied and agricultural lands have 
been exploited. The opening of new land can no longer be depended upon to 
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provide an existence for the expanding population. Now land as a resource 
input to the human system is certainly limited. 
Many other such inputs into the human system are also limited. For 
example, once man could dump refuse into a river and watch it move down­
stream with no impact on himself or others. The ability of the river to 
rehabilitate itself through the natural biological processes was "unlimited," 
the source of water was "limitless," and the dumping continued and in­
creased as population, affluence, and technology expanded. The conflict 
of requirements for water, both as an input into life systems and as a 
carrier of intentional and unintentional waste, became significant in the 
mid-Twentieth century. The realization finally came that the human system 
was indeed open, subject to stimuli from inputs and requiring procedures 
for dumping waste. The age of the environment was born. 
The initial emphasis of the environmental age centered around the 
obvious: the belching smokestacks, the chemical-laden rivers, and the fish 
kills in oxygen-depleted rivers. However, the massive point sources of 
industrial and municipal pollution that generated this pollution only 
scratched at the surface of pollution sources. 
Water, the resource of concern in this study, is found to carry 
elements derived from almost all types of human activity. Not the least 
of these is agriculture, the main food production system of human society. 
The structure of agriculture and its intensive use of land point prominently 
at the interface between agriculture and the use of land resources. Per­
haps not as obviously, the expanse of land (in agriculture and in all other 
uses) is a significant contributor to water pollution, a potential 
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contributor to water quality. Understanding the nature of the interface 
of man and land use/water quality decision and policy process is a major 
goal for society. 
Man, Soil, and Agriculture 
The movement of soil from one land location to another is a natural 
process called erosion. Erosion reflects the aging of the face of the 
earth as it is exposed to the never ceasing embattlements of time and weath­
er. Soil is blown and washed from one resting place to another, and the 
process of erosion never ends. Erosion would be of very little concern 
if there were no human interface with the earth's surface. But obviously, 
man lives and makes his way on the earth's surface, and the resulting inter­
face is what makes soil erosion a concern of human society. Soil is much 
more than just a solid foundation on which to walk and build houses. Soil 
is the basis by which the very existence of man is maintained. Soil is the 
foundation upon which almost all food production is ultimately established. 
These truths seem very trivial and common knowledge, and indeed they 
are self-evident, but the way society learns from and reacts to the soil 
is often hidden from the casual observer as matters of politics, art, lit­
erature, and society are emphasized. The thoughts and prospectives of 
society and its relationship to the soil, both in formal and informal 
policies and actions, are extremely important. All too often the concerns 
of the soil are considered only of interest to the "dirt farmers." Nothing 
could be farther from the truth since every person has a vested interest 
in and contributes to the soil. Soil, to society, is an economic resource 
to be managed by economic motives. These economic goals must be analyzed 
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and the potential conflicts removed for human society to establish a sound 
relationship with natural biological systems. 
Concern for the soil divides historically into three periods, if one 
looks at the history of European settlement in North America. The dominate 
periods, each with accompanying policies, alternatives, and economic im­
pacts, can be described as: soil, an unplanned resource; soil, a resource 
to save mankind; and soil, a water pollutant. Each phase represents a 
specific time period, although they may overlap. 
The problems of the managing of soil as a resource divides into three 
concepts as pointed out by these three periods; unplanned, conserved, and 
polluting. Likewise, the Impacts of each era are also threefold: economi­
cal, institutional, and cultural. The institutional processes of dealing 
with the resource in each time period varies with economic and cultural 
motivations. Some cultures, like the Incas of South America, learned at 
a vsry early tisie to deal with the natural process of erosion (4, 6). 
Other cultures, like the United States, have been slower, and some, perhaps, 
will never leam the lessons of sound soil management. 
In the United States, the learning process has been slow. The rapid 
advance of technology, the settlement of the plains, and the changing nature 
of the demand for food and agricultural products have been very Important 
in bringing about the transition. Yet, no single purpose can be assumed 
when dealing with society's management of soil. The huge demands placed 
on American agriculture by increasing affluence and personal income have 
caused rapid adaptation of technology, and indeed, have induced innovations 
that have allowed continued industrial expansion, and ultimately required 
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additional technical expansion In agriculture to replace the leaving labor 
force. All-ln-all, this change has brought about a highly productive agri­
cultural system based on Intensive cultivation of the land. But signifi­
cantly, associated with this development and transition, has been a national 
policy of "land use" which both induces the transition and reacts to it. 
The economics of the existential problem bring us to where we are today, 
in a period of new awareness of natural resources. The examination of the 
economic aspect of past land policies in the following sections gives a 
perspective from which analysis of the erosion process can be examined. 
National Land Policy; Root of an Unplanned Resource 
From the very beginning of settlement on this continent, a goal, 
either implicit or explicit, has existed to increase the income of individu­
als or countries. This goal was undeniably land based, whether it was 
colonial extraction by the European powers or simply a get-away for debtors 
released from English prisons. Most early settlers came to this country 
seeking ultimately one thing, land. Land to them represented freedom, a 
symbol of self-sufficiency. 
The initial number of settlers was not large and the land holdings 
varied from thousands of acres in the plantations to only a few acres for 
the individual who could not or did not get large blocks of land. And so 
it was that by 1775 this country became largely populated by farmers (18). 
.Farmers large and small worked their land mostly by hand labor, and saw 
before them to the west what appeared to be a limitless expanse of land. 
Not only was technology for managing land resources limited, but public 
policy encouraged rapid expansion of the population into western regions 
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and the neglect of the soil. Cheap land policies of the early Nineteenth 
Century provided a means of replenishing eroded and nonproductive land by 
occupying new lands. An aspiring farmer could move to new lands by simply 
leaving his depleted land behind and aquiring new land in the West. Such 
policies are at the root of our current abuse of land-related resources, 
and the spoilage of our ecological systems. In all fairness, however, our 
early day leaders could not either philosophically or technically antici­
pate our current problems. The policies of these leaders and some of the 
impacts of these actions have effected our current state of environmental 
problems. 
Benedict (5) in his classic history of the United States farm policy 
describes the basic elements of early land policy. Several essentially 
isolated factors combined to make land policy in the United States very 
haphazard. First were the regional variations in quality and quantity of 
croppabls lands. The differences in background of the colonist also con­
tributed to the problem. A third factor was the large abundance of land 
available to settlers after the revolution. Fourthly, the different ideol­
ogies of the leaders added uncertainty and conflict of purpose in land 
policy. And finally, the continuous addition of new lands caused changes 
in goals and purposes of the policies. 
The nature of earliest land policies of this country was markedly 
focused on the dispute between Thomas Jefferson and Alexander Hamilton con­
cerning the dispersion of public land. After the revolution, the young 
United States had, in addition to the thirteen states, land ceded by England 
west to the Mississippi River. After the several states gave up individual 
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daims to this western land, the potential for continued settlement of 
lands hinged on the basic dispute between Jefferson and Hamilton. This 
dispute was conceptual and fundamental in forming land policy. Jefferson, 
the democratic idealist viewed the new country as a nation of self-
sufficient small farmers. "He was willing to forgo some of the material 
advantages of trade and industry for moral values and elements of stability 
which he assumed to be inherent in the agricultural way of life" (5, p. 4). 
Hamilton was for a more balanced economy. He sought to strengthen the mone­
tary system through trade and manufacturing. To do this, the treasury 
needed the revenue that sales of public lands would bring. 
Early settlement of lands was a common goal. The method of distribution 
was the point of conflict. The United States was in financial trouble, and 
Hamilton desired to improve the treasury balance by marketing lands in a 
way that would bring the most money. Jefferson's desire for a semi-
equalitarian system demanded cheap or free lands on a uniform scale to all 
who sought it. Also, lands had been promised revolutionary war veterans. 
These debts needed to be settled. These economic problems of a young de­
veloping country persisted for many years. 
The motives for land settlement differed among the policy makers. The 
vast western frontier needed protection from the Indians, the French and 
Spanish to the west, and the English to the north. The treasury required 
money for international trade. Settlers wanted more land, and speculators 
wanted to obtain land from which to make a profit. The Northwest Terri­
tories were settled in rapid order. These lands possessed a large propor­
tion of productive soils and were more readily adapted to existing farm 
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practices from the northern states. Settlement in the southwest also 
expanded, although more slowly, from the cultures of Virginia and the Caro-
linas. 
The Ordinance of 1785 provided for the rectangular survey, an item 
that guided policy and land distribution throughout the United States. In 
the survey, townships of 6 miles square were composed of 36 sections of 640 
acres each. The impact of this act has been such that even today the basic 
unit of land in the United States is a section or some subdivision of a 
section. The ease of land transfer and settlement was continued with this 
act. 
The actual distribution of lands in the early period took several forms. 
One of the primary forms was the Land Act of 1796 vAich related to the 
Northwest Territory. As a provision of this act, land sold for $2 per acre 
with the government providing restricted credit. This price was an increase 
over land sell prices of previous acts vmich had bean established at $1.25 
per acre. Land was indeed available at low prices to early settlers. 
Expansion of available new lands through the k>uisiana Purchase 
provided a source of additional expansion in the early 1800's, as did the 
acquisition of Florida from Spain (1819), obtaining Oregon from England 
(1846), cession of lands by Mexico (1848), purchase of land claimed by 
Texas (1850), and the Gadsden Purchase from Mexico (1853). The many goals 
and changes in land policy were a central part of governmental action 
through 1862 when the Homestead Act was established allowing settlement of 
160 acres without payment if the land was resided upon for five years. 
11 
This act was the logical culmination of the long struggle for freer access 
to land by potential settlers. 
The policies of land distribution prior to 1900 had essentially one 
goal: to settle the uninhabited areas of the country, and thus, to provide 
income and a way of life for more individuals. Liberal immigration, the 
outflux of migrants after the Civil War, and the desire for a more pros­
perous life for sons of first generation settlers continuously expanded 
demands for new lands. The expansion continued throughout the west until 
Oklahoma was opened for settlanent in 1896, creating a wild rush to home­
stead good lands formerly held by the Indians. 
The economic base of early land policy involved four primary purposes; 
to provide potential income for settlers, to create stability by securing 
unsettled lands, to generate income for the national government through 
revenues from land sales, and to provide a settling place for the large in­
flux of immigrants. All of these purposes were accomplished to varying 
degrees throughout the first century and a half of this country. Little 
regard was paid to the longer run aspects of these land policies. 
In the short run, however, many of the primary goals were met. Although 
income was not always adequate, subsistence and commercial farming expanded 
throughout the mid-continent, and into many areas of the West. The expanded 
settlement of the land provided security as the Indians were removed from 
the frontiers. The problems of developing a stable and balanced economy 
disappeared as revenues continued from land sales and expanding commercial 
agriculture. Exports of agricultural products, as well as products from 
che developing industrial sector, added to the economic stability of the 
12 
country. The settlement of a large number of inmigrants on the land 
continued until the era around World War I, as farming changed from sub­
sistence to commercial. Even in the late Nineteenth and early Twentieth 
Centuries, the United States provided large exports of grains, cotton, and 
tobacco. The Golden Age of the Farmer was to end as the technical innova­
tions of the Industrial Revolution became more and more a part of agricul­
tural production. A time of transition from an old set of land policies 
to a more all-encompassing agricultural program was required to balance the 
conflicts between the goals of the former policies and the realization that 
agriculture was declining in economic importance. 
Two immediate conflicts between future needs and past policies were 
apparent as the agriculturally-based economy reached its peak in the 1900-
1915 era. First, easy land policies had provided mobility to farmers, 
drawing many from areas being depleted of their soil productivity. The con­
tinuous possibility of movement west provided at least prospects for im­
provement of one's income situation. The second conflict was in the appli­
cation of the Homestead Act of 1862 to lands in the semiarid West. -Settlers 
who came to claim their lands found that the prospects of farming 160 acres 
would not provide substantial income. This abuse was extended to ranchers 
who overgrazed unsupervised public lands left unclaimed by homesteaders-
The use of these semiarid lands conflicted with the basic natural balance 
of slow growing and developing prairie grass, and generally low rainfall. 
Much of the soil lay exposed to the forces of nature creating an eventual 
hazard to existing biological systems. 
The long run difficulties of exposed and depleted land are part of 
the agricultural problem the United States faces today. This difficulty 
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was dramatically evident as early as the mid-1930's with accelerated erosion, 
declining farm Incomes, and pollution of resources. These long run diffi­
culties were not always appreciated by policy makers as they viewed their 
own short run problems. Such concerns were rarely a part of their consid­
erations. 
Preceding the rapid expansion of technology in the Nineteenth Century, 
the existence of an essentially subsistence farm structure with small amounts 
of commercial activity dominated the economic picture of the United States. 
The lack of modem agronomic practices and the technology to power substan­
tial earth-moving practices limited the extent of erosion. The settlers 
produced crops in ways that suited their home family situations and their 
personal economic picture. The question of land conservation rarely occurred 
to them. But, as agricultural technology expanded and the tillage of the 
soil became more extensive, large-scale erosion became a part of the agri­
cultural problem. 
Land availability throughout the expansion phase of the United States 
has been a substantial question of policy (18). The emphasis on ever-
expanding the country westward provided land for an expanding population. 
Despite what sight: be debated as mixed motives * governmental policies 
throughout the Nineteenth Century provided low cost, if not free lands, for 
those who wished to have it. Coupled with a liberal immigatlon policy, 
the distribution of land allowed rapid expansion into the western plains. 
The management of land resources during this period was essentially 
a private decision process. Rarely did a farm family make large sales of 
produce away from the farm. The farm was, to some extent, closed since 
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labor often came from children and family, fuel for powering equipment was 
grown on the farm, and most of its produce was consumed on the farm. The 
combination of cheap land and the lack of technical knowledge for dealing 
with land problems caused the problems of conservation to go largely un­
solved until well into the Twentieth Century. The land policies of the 
Nineteenth Century set the stage for land resource depletion by failing to 
recognize the limited nature of land resources and the potential problems 
of soil erosion. However, a change was in the air by 1900. 
Soil Conservation: Saving Resources 
for Future Generations 
The abuse to which land was exposed because of a fragmented land policy 
without conscious requirements for limiting erosion and a rapidly advancing 
technology became a center figure in government land policy of the Twenti­
eth Century. By 1936, the central goal of soil conservation was well es­
tablished in policy by both the President and Congress (45). However, two 
basic elements for establishing policy are long periods of "discovery" and 
"application" which establish policy needs and implement the required policy 
needs, respectively. These periods certainly characterize the early con­
servation movement. 
The movement to instill in the public the idea that land resources are 
not limitless began around 1900 when President Theodore Roosevelt spoke out 
on conservation of forest resources. In his 1907 annual message to Congress, 
President Roosevelt said: 
The conservation of our natural resources and their 
proper use constitute the fundamental problem which 
underlies almost every other J>roM^em of our national 
life. ... We are prone to speak of the resources of 
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this country as Inexhaustible: this is not so. . . . 
There are certain other forms of waste which could 
be entirely stopped—the waste of soil by washing, 
for instance, which is among the most dangerous of 
all waste now in progress in the United States, is 
easily preventable, so that this present enormous 
loss of fertility is entirely unnecessary (56). 
The roots of the new concern were well established in the works of 
Eighteenth and Nineteenth Century economists and philosophers. Maithus, 
Ricardo, and Mill each contributed significantly in the development of the 
understanding of the limited nature of natural resources (3 ). And, al­
though the dire predictions of collapse of the world system under expanding 
population never seemed to come about, these early studies had their influ­
ence. These early ideas influenced some prominent political and social 
leaders at the end of the Nineteenth Century as their leaders saw the con­
tinued exploitation of the country's natural resources. Gillford Pinchot 
joined President Roosevelt in calling for conservation of forest lands. 
Roosevelt himself took action by using executive authority to move land 
from the public homestead domain into the control of the Forest Service as 
forest reserves. 
The growing concern over exploited resources built to a peak in the 
late 1920's and early 1930's, as drought and depression caused extreme ero­
sion and abandonment of large amounts of agricultural land. A course of 
national policy was required to conserve resources for future generations. 
The development of a coherent national policy was not something easily ob­
tained. Indeed, the conflicts of goals in a competitive economy influence 
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drastically the emphasis placed on various goals in land use and conserva­
tion policy. 
The economic message of conservation is a simple one although often 
confused by definitions. The premise of conservation is to obtain as much 
benefit as possible from a resource for as many people for as long a period 
of time as possible (106). The economic principle of efficiency predominates 
the above definition of conservation; efficiency in production of benefits, 
efficiency in interpersonal distribution of benefits, and efficiency in the 
intertemporal allocation of benefits. The goal in conservation is the ef­
ficient allocation of resources (11). Another statement of this principle 
is from Zimmerman, who states: "Conservation involves a reduction of the 
rate of disappearance or consumption and a corresponding increase in the 
unused surplus left at the end of a given period" (115, p. 3). 
The conservation of soil resources is no less important than other 
resources. However, a particular problem arises with the conservatioa of 
soil. Soil fertility can be depleted by exploiting the built-up fertility 
from thousands of years, or it may be renewed annually by sound resource 
management. Thus agricultural land is different from a stock (or fund) re­
source that is continuously depleted. Bunce puts it this way: 
Conservation of agricultural lands appears to mean the 
maintenance of the fund resources and the present level 
of productivity of the soil, assuming a given state of 
the arts. Improved varieties of crops and techniques 
of production will mean increases in productivity as 
these changes occur. Exploitation means the using up 
of the fund resources of the soil, while Improvement 
means increasing the physical productivity of the soil 
by amendments drainage, irrigation, and other means (11, p. 7). 
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Technical developments since 1940 have changed the methods and 
motivations of the farmers involved, but the basic components of conserva­
tion, exploitation, and improvement remain unchanged. 
The conservation movement recognized the waste involved in the 
exploitation of land-based resources. The preservation of the forest land 
was an initial goal of the conservationist, and Roosevelt in 1907 assigned 
75 million acres to the Forest Service just before Congress stripped that 
power from him (3). This action by Congress points up the conflicts that 
continue to rage among those who would have resources used and managed by 
individuals for their own betterment, and therefore, society as a whole, 
and those who feel the individual management and exploitation are not con­
sistent with obtaining the most benefit for the most people for the longest 
period of tdme. The conflicts between conservation and economic growth are 
of primary importance when considering conservation. 
Morgan describes in detail some of the conflicts in managing our 
national resources (45). The development of a uniform policy of conserva­
tion has been a constant battle for conservationists from the very beginning 
of the movement. From the early 1900's to the beginning of the Depression, 
research and discussion on land conservation methods developed some very 
suitable technologies for dealing with land conservation. Some were nothing 
more than changes in crop and crop management, while others required large-
scale reshaping of the landscape by terracing and building waterways. For 
these methods of conserving and improving the land, the problem was adapta­
tion by individual farmers, not lack of technology. The lack of a consis­
tent societal policy failed to encourage sufficient usage of available 
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technical expertise in the area of soil conservation. Abuse continued in 
the name of individual gain and ignorance. Land washed away because steep 
areas or shallow soils were farmed that should have never been put to the 
plow. Grazing of livestock, cattle, and sheep on the western range removed 
the vegetative cover, and induced extensive damage to the lands. Age-old 
technologies gave away to the machine technologies of the Twentieth Century, 
but the traditional crops and management continued. Erosion accelerated 
as soils were broken up and exposed to the rain and wind (6 ). 
Perhaps the most dramatic illustration of the state of the land in the 
mid-1930's was the "dust bowl" when millions of acres in the Great Plains 
states literally blew away, blanketing the eastern states with a cover of 
dust. Millions of farmers abandoned their lands seeking employment and 
income in other areas, often going to the cities, and the term "Okie" be­
came a household word. 
The desperate condition into which the soil of many farms in the United 
States had fallen was dramatically illustrated in 1934 and 1935, as the 
debate over who should be responsible for erosion control mounted, and west-
em croplands continued to blow away. Indeed, on at least one occasion, 
the street lights in Washington, D.C. had to be turned on in midday so that 
motorists and pedestrians could see through the windblown soil of the farm­
land that permeated the air. The Soil Erosion Act of 1935 culminated 
several years of work by men like H. H. Bennett, who became known as the 
father of the Soil Conservation Service (6). These men recognized the 
plight with which much of the soil of our country had been struck. 
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Large gullies and literally millions of tons of soil were washed from the 
land. The condition of the land and the economy went hand-in-hand to con­
tinue the retardation of agriculture's productive capacity while the intro­
duction of new technology brought a threat of greater production. Rural 
America fell into an extreme economic depression that was to last even 
longer than that of the industrial sector. 
The problems of conservation hit home to Congress and the leadership 
of the country and action was taken to conserve, maintain, or improve the 
soil as a resource. A genuine fear of the loss of productive capacity filled 
the mood of the national leaders as they took action (45). 
Born in hard times, established on ideals in conflict with the 
individual's management of his personal property, and propelled by a ground-
swell of public sentiment, the Soil Conservation Service became the agency 
to coordinate the problems and policies of land conservation. Although 
these policies are often at conflict wxt&i ether governmental policies and 
agencies, and even antagonize state and local authorities who want to main­
tain local dominace in determining policy, the Soil Conservation Service 
(ses) continues to carry out its goal of maintenance and improvement of 
soils, primarily through intricate combinations of local incentives and con­
trols and federal research, policy, and funding. 
Striving to conserve soil as a productive resource is a sound social 
economic goal, the maintenance or acceleration of productivity is essential 
in a world of expanding populations. The conservation of soil is centered 
on this idea. In many areas, this conflicts with individual farmers and 
his individual goal of maximizing personal profit. However, for some 
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limited geographic areas the conservation of land Is also consistent with 
the individual's "short run" production decision because the soil resources 
are depletable in a time horizon shorter than the individual's productive 
lifetime. The conservation of resources does not conflict with the goals 
of the naturalist and environmentalists, for there is a common goal. Con­
servation of soil resources alone does not tell the entire story as soil is 
carried to thé streams and lakes. 
Soil: A Total Environmental Concern 
Environmental concern is not a totally new concept. Indeed, as 
mentioned previously, much of the philosophical basis for analysis of envi­
ronmental problems is based on the insights of Eighteenth and Nineteenth 
Century naturalists. The ideas of Mai thus, Rlchardo, and Mill all lead 
to concern for environmental problems. More specifically, they form the 
basis for concern over limited natural resources (3). The extension of 
the concepts of conservation into the ideas surrounding the environmental 
and ecological movements is much more complex. Indeed, these ideas are 
more accurately ascribed to ecologists and biologists than to economists 
(105, 52). The adaptation of the concept of a total ecology to current 
economics provides insight into the management of natural resources. The 
obvious problans in such extensions are those of dealing with conventional 
economic theory in a realm of Interdependent systems operating in a dynamic 
world with economic tools locked into a static partial equilibrium analysis. 
Georgescu-Roegen adds many insights into economic dynamics of interrelated 
natural systems (19), as do Kneese, Ayres, and d'Arge in the material bal­
ance approach (36). 
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The historic pattern of conservation and environmentallsm developed 
to an extreme in the 1960*8, culminating in 1968 with the observance of the 
first Earth Day. This observance marks a change in United States' public 
attitude toward a joint desire to conserve valuable natural resources and 
to eliminate potentially toxic residues from the ecosystems that confront 
both man and the animal species upon which he depends. Obviously, the 
"environmental movement" encompasses the concepts of conservation, but is 
accurately extended to also Include a concern for the current quality of 
life and the uses of natural resources that expel residue into the biospheres. 
Of primary importance in environmental analyses are the resources of water 
and air which are basic inputs into most biospheres. 
In this study, the primary concern is with water and the pollutants 
associated with it. Water pollutants are classified as point sources and 
nonpolnt sources (34). The point sources are usually easily identified as 
the factories, the sanitary sewage disposal systems, and the feedlots which 
dump residue from a single pipe or ditch. Although a rather high social 
cost may be associated with restricting any or all of these sources, most 
can be restricted by controlling individual polluters. On the other hand, 
nonpolnt sources of input constitute a completely different arrangement. 
Such diffuse sources often are neither detectable as individual sources or 
attributable to any specific cause. Sediment in water resulting from the 
erosion of lands is an example of a nonpolnt source of pollution. 
Pollution properly defined is the association of foreign or alien 
materials in any substance which Interferes with the normal use of the sub­
stance. Many substances, including water, naturally contain foreign 
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materials. A water pollutant becomes economically Important when it inter­
feres with the normal utilization of water. That is, when a water user 
must in some way clean or purify water before it is used, or experiences 
a cost, direct or indirect, for having used it. 
Water has contained "pollutants" for hundreds of years; the search for 
"pure" water has been the desire for societies for centuries. Nomadic 
tribes moved from point to point, in part seeking sources of palatable 
water. "The Rhyme of the Ancient Mariner" expresses the predicament of in­
dividuals at sea without sufficient pure water vhea it says, "Water, water 
everywhere, ne any drop to drink" (12, p. 79). This line could easily serve 
as the motto of environmentalist concern over water quality in the United 
States. 
Sediment in water quality 
A brief overview of sediment as a water quality variable shows that 
sediment is a very prolific polluter. Sediment is composed of soil parti­
cles, removed from any land source, as they move in the river system toward 
lakes, reservoirs, and oceans. Sediment has been described as the worst 
pollutant in terms of total volume in the United States' water system ( 9 ). 
However, it has primarily been overlooked by public opinion for two reasons. 
One, sediment dees not alone produce as dramatic an effect on human health 
and aquatic biology that other water pollutants do. There are few fish 
kills associated with sediment, nor do the populations of communities become 
sick from too much sediment. Second, sediment is often considered to be 
uncontrollable, either at its source or in the stream system. It is con­
sidered easier to repair the damages from sediment than to control it at its 
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source. Conflicts exist in measuranent and distribution of impacts of 
pollution effects of sediment. 
The physical presence of sediment causes many of the pollution problems 
associated with soil in water. The presence of sediment causes water to be 
turbid, that is, to lack clarity and to lose much of its aesthetic proper­
ties. Sediment also interferes with the natural development of fish and 
vegetative populations. Equally important in the pollution by the physical 
presence of sediment is the filling of reservoirs, ditches, and navigation 
channels with soil that depletes the services provided by these resource, 
conservation, and utilization structures. To maintain these services, 
either sediment must be removed, as in the case of navigation channels or 
ditches, or augmenting reservoirs must be built to provide supplementary 
flood control, water supply, and recreational services. Sediment deposits 
cause a substantial amount of off-site damage in terms of dredging and con­
struction. Often reservoirs are designed much larger than is normally re­
quired to provide storage for eroded soils. 
Sediment is also a pollutant in that it carries with it other chemicall 
bonded elements. These elements include phosphorous and organic compounds 
of pesticides, both substantially used in agriculture as crop production 
inputs. The compounds of nitrogen, another plant nutrient, tend to attach 
to water, not sediment. Both phosphates and nitrates end up in the stream 
system. However, nitrates can move with water through the soil, and into 
ground water deposits as well as with surface waters. 
The nutrients of phsophorous and nitrogen enter the streams causing 
large growths of vegetative material creating an environmental "aging" of 
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the lake called eutrophlcatlon. This aging creates a balance of nature 
problem between the lake's ecosystems. Such imbalance can cause potential 
danger to both aquacultures and humans that consume the contaminated water. 
The linkage between agriculture and water quality is, therefore, 
closely related to the use of land, water runoff, and eroded soil from the 
land. The quantification of these relationships is difficult, but the 
existence of such a linkage is evident. Agriculture, therefore, is an im­
portant component in the array of inputs to overall water quality. Sedi­
ment, both from agricultural sources and nonagricultural sources consti-t 
tutes the largest, and perhaps most controllable of nonpoint pollutants. 
Water quality and externalities 
Sediment, like other water quality variables, has many affects on man's 
economic and environmental systems. Most of these effects are termed exter­
nalities in that they are net directly accounted for in the economic market 
system. The literature on externalities extends over several decades. 
Only in the I960's and 1970's has major emphasis been placed on quantifying 
the theoretical aspects of technological externalities. Mishan gives an 
analysis of the major postwar contributions to the literature (43). Kneese 
and d'Arge describe what is termed as "pervasive externalities" as those 
that affect a more general or universal polluter or receptor (35). These 
authors move away from the concept of point polluters and point receptors 
and toward a spatial concept of externalities. Such an analysis is much 
more compatible with the current work on sediment as an externality. Sedi­
ment can be described as a "pervasive externality" in that identification 
of the source is very difficult and certainly not a single individual or 
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plant, and the receptor is most often the public and its resource and pro­
duction systems. The analysis of such systems is most often studied on a 
small region scale since it requires much more information on resource use 
and distribution to formulate and analyze public policy. 
The term externality has become familiar to most economists 
who work in the environmental area. But the definition of the term exter­
nality and the means of dealing with the phenomenon of externalities often 
escape most technical and physical analysts. The case of sediment is no 
exception. 
An externality can be one of two major types, either an ownership 
externality or a public good jointly supplied with a private good (41). In 
either case, an externality is defined as an event where either external 
good or bad is associated with the production of a commodity (60). That is 
there is an effect unaccounted for in the market process in the production 
and supply of a commodity which has an impact on another individual's or 
firm's utility or production process. The process of identifying and asso­
ciating external effect in production or consumption implies that the ex­
ternality can be internalized, and that the process of internalization will 
cause a return to optimal resource use. Internalization, however, is not 
an automatic process, not one that can come about simply because someone 
notices an inefficiency or spillover, and desires a change- This is especi 
ally true for "pervasive externalities." Indeed, externalities are market 
malfunctions, and a mechanism or even a set of mechanisms do not exist 
which will correct these malfunctions without prescribed and direct action. 
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Such action may be taken between the effected parties or It may be a 
governmental action. 
In the case of externalities of ownership, many corrective measures 
that more clearly allocate the external good might tend to correct the mea­
sure. However, much debate continues over the best mechanisms of elimina­
ting externalities of ownership. The single tax, the double tax, and regu­
lation have all been suggested as well as specifying more clearly the owner­
ship of resources including public ownership. The clear specification of 
ownership cannot always be accomplished since some goods are public goods, 
no matter how private ownership is described. In this environmental age, 
the list of public goods is expanding to help In clarifying the actions 
feasible and optimal in the allocation of public resources. The definition 
of public goods is taking on a new perspective much broader than the idea 
that public goods are simple goods from which users could not be excluded. 
The concept of public trusteeship is becoming more inherent in our dealings 
with most natural resources. 
Water quality as a public good is irrevocably tied to the concept of 
resource ownership. The water moving past a farm is no longer looked at as 
the property of the landowner, but as a public or social good. The water 
must not be so diminished in quality or quantity as to preempt its use at 
some other point in the river system. The view is becoming more prevalent 
that no water user has the right to decrease the quality of the streams, 
including the removal of residual agricultural joint products. The social 
nature of water quality as a resource is becoming more dominate as it be­
comes more scarce. Allocation of water resources In a less than perfect 
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market without close regulation is becoming less and less acceptable to 
society. 
The public environmental attitude is illustrative of the simple desire 
to maintain water quality by restricting ail pollution. Agriculture cannot 
expect to be exempt as society tries to reduce residuals in the water 
system. 
Agricultural production and externalities 
In no other area of water quality analysis is the identification of 
the source of a pollutant more difficult than in agriculture. Except for 
livestock waste from large confined and open feedlots, agricultural contri­
butions to water pollutants are dispersed or nonpoint sources (34). The 
identification of specific polluters seems almost out of the question. Yet 
in many areas of the United States, agricultural production is the largest 
contributor to water quality. 
The contributions of agriculture to stream waste loads are joint 
products. That is, the pollutants are produced in the process of producing 
the commodities of food and fiber. As such, the pollutant cannot normally 
be separated from the production process. Such joint products are the exter­
nalities of agriculture, in that they are not the desired product, but a 
spillover from normal production of a desired commodity. Such external 
effects can be both beneficial and harmful. In the case of water quality 
variables, such externalities are usually harmful. 
Residuals of the production process become the externalities of 
agricultural production. Pesticides, from insect and weed treatment, re­
sidual nitrogen and phosphorous from crop fertilization, and sediment from 
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crop tillage and other land uses are all residuals from agricultural crop 
production. Each of these residuals contribute to the water quality 
problems of streams and lakes. 
The farmers of the Midwest contribute to the water quality not only 
of their own region, but also of such diverse stream points as St. Louis 
and New Orleans. Sediment buildup is dredged from the Ohio, the Illinois, 
the Mississippi, and other important rivers. Reservoirs in all sectors of 
the nation are filled with eroded materials. The large reservoirs on the 
Missouri are known to significantly decrease the sediment loads below the 
dams. But the storage of such sediment has a cost. The cost occurs to the 
public in forms of tax revenue required to pay for dredging and reservoir 
construction. 
The public nature of the major river systems of the United States is 
one of the several factors that make assessment of sediment pollution dif­
ficult and important. Not only is it difficult to identify the sources of 
pollution, but few individuals who are directly damaged can be identified. 
Thus, cost of control and clean up of sediment falls generally on the public 
through the "clean up" actions of city, state, and federal governments. 
Municipal water systems treat water to remove undesirable turbidity caused 
in part by sediment; state roadways and bridges sustain damage and must be 
repaired; and federal agencies are charged with the obligation of maintain­
ing the navigable streams and must dredge and build sediment control struc­
tures. The costs occur as a part of governmental budgets. Pinpointing 
damaged and damaging individuals or firms restricts the application of much 
of conventional externality theory directly to nonpoint sources of pollution. 
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In recent studies (67, 35), the question of spatial allocation or 
distribution of externalities has been examined. In the light of such 
analysis, problems require assessment, both as spatially dispersed sources 
and receptors of pollution. The formulation of an analysis of the United 
States water quality in terms of agricultural production is the goal of 
this study. The control of soil loss has an Important direct impact on 
water quality in the stream system. 
The problem of quantification of externalities is not easily dealt 
with and methodologies for internalization of externalities are difficult 
to totally assess. In the complexity of river ecologies, the analysis of 
such problems Is complicated by the sheer inability to assess to what or 
to whom the damage (assuming an external disadvantage) is occurring. Thus, 
oil spills and pesticide overkills have dramatically brought to the public's 
attention the impact of even a small mistake in handling the chemicals. 
Yat, a isich less dramatic effect pours dally from almost every inch 
of land surface in the United States. Sediment goes about its business of 
moving in the water courses to a resting point, often only to be repeatedly 
dislodged and eventually carried to the ocean. But whom does sediment 
damage affect? The streams have always carried a load of soil and always 
will. Can this fact be reconciled with the irresponsible use of land that 
causes harm to other users by dumping large amounts of sediment? These 
are some of the questions the environmental age must answer. 
National Water Quality Priorities 
The passage of the Federal Water Quality Act of 1972 climaxed a hectic 
decade of concern for the quality of the nation's rivers, streams, lakes. 
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and reservoirs (103). Goals were set, priorities mandated, and work began 
on cleaning up the nation's streams. However, the history of national pol­
icy in water quality has not always been in the forefront. Goals backed 
by sound legislation are something relatively new. 
A history of legislation dating back only to about 1890 deals with 
water quality. However, only since World War II has the emphasis grown to 
meet the demand for adequate quality in water. The Federal Water Pollution 
Control Administration established in 1965 (103) was preempted by a stronger 
and more powerful Environmental Protection Agency in 1970. This change was 
more than a simple change of name, but Included a change in direction from 
a guiding agency to one that held the authority to require environmental 
quality as an element of public need. This significant emphasis on environ­
mental policy should correspond both with current desires for safe, usable 
resources and conservation for future generations. The two concepts go 
hand-in-hand. 
In early 1975, court discussions have brought new concerns to the 
agricultural community. Courts have reinterpreted the organizational man­
date of the Corps of Engineers to care for the navigable waters of this 
country to mean all waters. Under this new interpretation, many agricul­
turalists fear that the Corps will attempt to control the use of all lands 
to manage the stream system (46). Although such a proposal is not likely to 
take place without considerable debate and discussion, and many years of 
struggle, the mere thought of the proposal disturbs many agriculturalists 
and farmers. The problems of setting national priorities in water quality 
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will be discussed for many years to come. The conflicts will be many, but 
it is clear the quality of water now has high national priority. 
Questions of priority, however, do not preempt the national requirements 
for food and clothing and an adequate functioning economy. To simultaneously 
obtain these goals, analysis is needed in the areas of environmental goals 
and national production. The emphasis will not be uniform, the enforcement 
of regulation may not be consistent, and the priority of goals may not be 
static, but a renewed envirotmental era is here to stay. 
Project Description 
The purpose of this study is twofold. First, a model is developed of 
the agricultural economic process and its impact on the physical process of 
water quality. Second, this model is used to demonstrate applicability of 
this model to the analysis of a water quality problem existing in the United 
States. 
Developing a model like the one of this study requires that the 
econcHnic and physical processes be recognized and linked in a way that is 
consistent with both processes. The application of the combined engineer-
economic model to a nonpoint source pollutant, sediment, is a quantification 
of the interactive agricultural; economic- and environmental processes. 
Engineering relationships are formulated into forms that are consistent with 
the large-scale mathematical optimization model of the agricultural sector 
of the economy. The foundations for this linkage are laid out and the model 
development is described in this report. 
The second purpose of this study is to use the developed model to 
provide insight into the problems and tradeoffs that exist between instrearn 
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sediment loads and agricultural land use, and commodity production. These 
linkages constitute both an economic study and a physical study. The study 
is economic in that the problems of production in agriculture are integrally 
related to the external effects of its residual products. The movement of 
the sediment as a residual from one region to another through the river 
system damages both human and nonhuman environments. Since sediment causes 
damage, it is an economic good. Damages may be market, nonmarket, or in­
tangible, but they exist in almost all areas of the United States. In this 
study, sediment is viewed as a nonmarket good inflicting measurable damage 
on the human environment. The study does not deal with individual pollutors 
as such, but rather it views sediment as a nonpoint source of pollution 
whose sources are large geographic areas that have uniform intraregional 
patterns of agricultural production. 
To view sediment as strictly an intraregional problem of a joint 
product inflicting bars on recaivers within the region fails to recognize 
the problem of sediment carried by rivers. The river system is a common 
propriety resource used in many ways, not all compatible. Carrying waste 
from economic production is one of these uses of water. Water quality re­
strictions are placed on the effluents from individual point sources by 
federal and state law. However, in the context of sediment, such restric­
tions have limited value because of the physical characteristics of the 
pollutant. The restrictions placed on sediment must take on community char­
acteristics. To express the nature of such restrictions, consider an em-
mission restriction placed on a single region. This restriction assumes a 
concern either of the farmers of the region as a whole and its public 
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policy makers, in particular, to provide benefits to downstream users 
through improved water quality. The benefits might accrue to consumers in 
the form of reduced treatment costs for public water supplies, reduced 
dredging of navigable waterways, and less filling of public water storage 
facilities. 
This study explores some of the implications of controlling sediment 
loads in the streams of the United States by managing or regulating agri­
cultural land use and commodity production. The policy or regulatory sce­
narios followed simulate national prospectives to water quality. The cur­
rent national concern for environmental quality and the fact that it is 
often irrational or impossible to regulate water quality in a single region 
if there is no local and individual advantage to doing so (47) points to 
the utilization of a national environmental economic model to analyze the 
problems of water quality. Another major incentive for studying sediment 
water quality is the recognition that large amounts of public tax receipts 
are spent each year in correcting or compensating for the damage caused by 
excessive sediment pollution. The specific policy alternatives poised for 
analysis are hypothetical examples constructed to illustrate the flexibility 
of United States agriculture in dealing with ssvircsssntal problesis while 
meeting a fixed danand for agricultural commodities. 
This study has five major parts \^ich follow this chapter. Chapter II 
outlines in more detail the physical problems of water quality associated 
with sediment. Chapter III describes the methodology used to examine the 
PQsed policy alternatives. Chapter IV describes the procedure used to 
compute and calibrate the variables of the sediment transport system. 
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A set of alternative scenarios is analyzed in Chapter V. Chapter VI, the 
final chapter, gives some conclusions drawn from the alternative policies 
considered for controlling stream sediment loads through agriculture. 
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CHAPTER II. SEDIMENT AS A WATER QUALITY VARIABLE 
The concern for water quality originated over the most obvious and most 
serious local problems of pollution. Massive fish kills and the spill of 
chemicals directed the public's eye to industrial and municipal point sources 
of pollution. Although these are the most obvious places to start to clean 
up the waters, many other less obvious nonpoint sources of pollution have 
gone essentially unnoticed by the public for several years. Commoner has 
pointed out that nitrates and phosphates create problems in rivers and lakes 
and he has linked the presence of these elements to dispersed agricultural 
practices (14). Research in the I960's provided much of a basis for consid­
ering agriculture as an important nonpoint source of pollution (109, 110). 
Despite the admonition of researchers and environmentalists alike, much 
federal legislation largely ignores the potentials for harm from nonpoint 
sources of water pollution (103). Only recently has the National Commission 
on Water Quality, United States Department of Agriculture (78), and the 
National Academy of Science (49) begun to consider the impacts of agricul­
ture as a water polluting industry. 
The basis for considering agriculture as a serious contributor to water 
quality degradation comes from the potential problems of runoff-borne physi­
cal and chemical substances^ such as sediment. This chapter outlines the 
chemical and economic properties. The potential and existing impacts of 
sediment through agricultural production are described noting the interactions 
and responses of the important production variables. 
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Chemical Aspects of Sediment 
Sediment is both a naturally occurring stream element and a man-induced 
pollutant. Which ever of these two sources dominate in any river basin, the 
physical affects on the environment are essentially the same. 
Water quality and sediment 
Sediment is a pollutant in the three areas of concepts shown in Figure 
1. These three characteristics are physical presence, sorption, and 
eu trophy on. Each is individually assessed in the following sections of 
this chapr:,r. Lest the negative impacts of sediment be overemphasized, it 
should be pointed out at this early stage that there are some positive as­
pects of sedimentation. Fertile croplands have been formed in river deltas 
from eroded soil that bring in nutrients necessary for crop production ( 4 ). 
However, this study only considers the negative or external diseconomies of 
excessive erosion. 
Physical presence 
The physical presence of sediment has impact on the quality of water 
as it affects turbidity, taste and odor, temperature, and abrasion ( 53, 62, 
63). 
Turbidity, the ability of water to scatter or absorb light, rather than 
transmit light, is caused by the presence of particles of silt and clay, 
organic matter, bacteria, plankton, and other finely divided material in the 
water. A measure of turbidity is the Jackson turbidity unit, which is the 
"turbidity produced by 1 ppm of silica in distilled water" (53, p. 362). It 
is apparent that turbidity is proportional to the concentration of nonwater 
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particles in the water, however, turbidity is not considered to be a direct 
measure of sediment concentration. 
Turbidity is a problem in water quality according to the use intended 
for water. Turbidity is readily removed from water through treatment facil­
ities such as those found in most municipal water treatment plants. The 
quality standards relating to turbidity vary from use to use and region to 
region, and the recommended quality levels for specified uses are available 
(88). Table 1 reveals that for drinking water and human consumption, 
water should be essentially turbid free. For irrigation in sprinkler systems, 
the levels of tolerable turbidity are higher. The impact of turbid water 
on irrigation systems is not only the clogging of filters and equipment, 
but also the deposition of sediment film on plant leaves causing a reduction 
in the photosynthesis process, reducing plant growth. 
In the aquatic/biotic environment of plants and fish, the turbidity of 
water interferes with the food chain. The reduction of light penetrating 
the water to depths of existing plant life reduces the plant growth, upsets 
the delicate balance that normally exists between plant growth, micro- and 
macro-organisms, each feeding and depending on the other for nourishment. 
Furthermore, sediment affects the fish populations by reducing the spawning 
areas with silt deposits, and creating a natural imbalance in spawning 
activities by the more concentrated levels of sediment. The level of "pol­
lution" depends on the type of population and the size of the organism. 
However, most species of fish are affected at some level of sediment concen­
tration representing turbidity. 
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Table 1. Tolerable turbidity of water for various uses^ 
Water use Tolerable turbidity 
mg/liters 
Drinking 5 
Industry 
Canning 10 
Cooling 50 
Dark paper 25 
Light paper 5 
Textiles 5 
Irrigation 
Swinming 10 
Boating 20 
Livestock ? 
Aquatic life ? 
Navigation ? 
Hydro power ? 
Waste assimilation ? 
^Source: Stall (62). 
Taste and odor of water is affected by the presence of sediment and 
dissolved solids. However, the relationship of taste and odor to the pres­
ence of sediments is not well understood. The taste and odor of water are 
usually more greatly affected by the presence of dissolved solids than by 
sediment. 
Municipal and industrial water treatment plants readily remove most 
undesirable tastes and odors from water. The usability of water by humans 
is highly related to the aesthetic appearance of the water. Water that 
smells, although safe, has few human uses. 
The temperature of water may be changed by the sediment present in 
suspension. This is readily understood by noting the following description. 
"The reduction of light penetration by suspended sediment may concentrate 
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solar energy In a smaller volume of water and result In small scale thermal 
stratification due to higher temperature near the surface" (53, p. 363). 
Changes in water temperature in the stream system primarily affect the growth 
and development of natural biological species. Temperature, like light, can 
alter the species development of both aquatic animals and plants. 
Abrasion is the effect of sediment in cutting, tearing, or wearing on 
functioning mechanisms, both biological and mechanical. Biotic organisms 
can be reduced to functionless when the internal organs of the organism 
becomes so clogged with sediment that normal operation becomes impossible. 
Similarly, man-made pumps and other mechanisms are severely eroded by the 
presence of sediment. 
A significant problem relating to sediment is the j : Diem of sediment 
left behind. Each year millions of tons of soil are d: .;>iited in undesir­
able places. Croplands are often covered with eroded materials, reducing 
the productivity of the land. Likewise; other nonstream deposits of sedi­
ment account for much of the damage attributed to sediment each year. 
Bridges, culverts, and roadways are covered or filled, and sediment deposits 
must be removed. Similarly, lakes and reservoirs fill rapidly with soils, 
reducing their usability in providing benefits of water storage, recreation, 
wildlife production, and aesthetics. 
The physical presence of sediment deposited in stream channels and 
navigation routes reduces the transport capacity of the rivers. In the 
United States, river navigation is a highly significant industry supported 
by both federal and private funds. Each year millions of tons of sediment 
are removed from the channels to provide adequate passage for ships. 
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Secondly, the spoils dredged from these channels create a disposal problem. 
The Indiscriminate dumping of dredging spoils endangers wildlife and creates 
aesthetic problems. 
The problems of sediment deposits or sedimentation are the most easily 
accountable, in a financial sense, of all of the problems in sediment water 
quality, since cost estimates of dredging are readily available. 
Sorption effects of sediment 
Sorption is the chemical property of soils which allows it to bond with 
other compounds. The sorption properties of sediment are both beneficial 
and harmful, depending upon the functioning component of sorption. For ex­
ample, if a harmful component is bonded chemically with soil and prevented 
from leaching into the subsuface water system, sorption is viewed as bene­
ficial. In contrast, the movement of that same particle into a stream or 
lake with eroding sediment may cause severe affects on the aquatic environ­
ment. 
Various chemicals bond differently with different soil types. However, 
typically clay particles and phosphates bond, allowing phosphates to move 
readily with the soil if the soil moves. In contrast, nitrate nitrogen 
does not readily bond with soil particles and tends to move Independently 
of the soil particles and with water, to which it readily bonds. Other 
chemical substances bond and move with soils, depending upon its physical-
chemical makeup. Most notable of these are the organic compounds used in 
agricultural insecticides and herbicides. "Sorption of a substance by 
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sediment may remove the substance from water at one location, only to have 
it reappear at a new location" (53, p. 364). 
Sediment in lake eutrophlcation 
Eutrophication is the aging of a lake or reservoir in terms of its 
ecology and natural regenetive capacity. This aging is, to some extent 
natural, however with the help of inefficient and harmful practices of man, 
the aging process is speeded up. Sediment has a dual role in eutrophica­
tion of lakes and reservoirs; (1) sediment is deposited in lakes reducing 
the water holding capacity of the lake; and (2) sediment-carrying, bonded 
chemicals influence the amount of nutrients present in the water and avail­
able for the growth of organic vegetation. Eutrophication is generally 
characterized by excessive vegetative growth and the presence of large 
growths of algae. 
The death of man-made lakes beings the moment the lake begins to fill 
and sediment is deposited. A lake is designed to have a prespecified life­
time before the lake's storage and biotic capacity ceases to exist. Like­
wise, nutrients in lakes contributed by water and sediment-borne materials 
encourages growth of algae and other .organisms which create a nuisance in 
utilizing the lake's resources. This organic growth adds to the eutrophi­
cation of lakes and reservoirs and reduces their serviceable lifetime, con­
stituting an economic damage to society. 
The degradation of any ecosystem by excessive man-generated pollution 
reduces the capacity of man to live, and in an economic sence, contributes 
to massive inefficiencies in the allocation of resources. Tax dollars used 
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to build new reservoirs are reduced in effectiveness, and new expenditures 
are required to meet definite demands for water. The extinction of a single 
fish species in a river reached by a silted spawning bed may not diminish 
the economic effficiency of society, but such symptoms of wastefulness sig­
nal equally dangerous consequences. The presence of sediment as a water 
quality variable is obvious, and its affects are varied, but the obvious 
is often considered unmanageable. In sediment, potentials do exist 
for reducing the effects of man on the environment. 
The Physical Aspects of Sediment 
Sediment moves in and with water. The gravitational and topographical 
forces that induce water to seek a final resting place also operate on the 
sediment in the water. 
The physics of the movement of sediment is a complex problem and has 
been suitably explored by numerous physical scientists, physicists, and 
engineers. The result of this research is a series of concepts and models 
for visualizing the processes involved. Some of these models simulate the 
movement of soil particles in a small cross-section of a stream. Vanoni, et 
al. (107) and Graf (21) give the physics of such complex sediment transport 
problems. This scale of research modeling, although very important in 
does not provide an appropriate conceptual model for the purposes 
of building a joint model of agricultural and sediment processes. The 
detail of such intricate mathematical models is not justified by the accu­
racy of data or the scale of modeling when looking at national policy 
variables. However, several primary mechanisms of the physics of sediment 
movement can be identified. 
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To formulate a concept of sediment movement that is as consistent 
as possible within the scope of the economic and agricultural models, a 
review is made in this section of the essential concepts of sediment. 
These concepts later form a basis for the development of a formal model. 
The concepts as developed here are derived primarily from two 
symposiums held by the United States Department of Agriculture (79, 80) and 
a technical paper published by The American Society of Civil Engineers ( 1). 
Reviewing thse sources divides the physical concepts of sediment into three 
basic components or mechanisms. The components represent sources of sedi­
ment, delivery of sediment to the streams, and transport of sediment in the 
streams. These basic concepts are expanded to provide a footing for the 
most complex of sediment modeling. For this analysis, these basic elements 
are retained in an elementary form to provide a simple but understandable 
model. The three primary mechanisms of sediment transport are illustrated 
in Figure 2. 
Sediserf sources 
As emphasized in previous sections, and as will be demonstrated more 
fully in following discussions, all land surface erodes as part of the 
natural wearing away or aging of the earth. Erosion sources can be differ­
entiated into man-induced erosion and natural erosion. The existence of 
induced erosion sources implies that controls also exist. Such control 
may be applied, to some extent, to both man-induced and natural erosion. 
However, the primary method for reducing sediment is to lessen the impact 
of agricultural and construction practices on accelerated erosion. 
45 
Agricultural 
Sources of 
Sediment 
* 
Urban 
Sources of 
Transport 
System 
Sediment 
Deposition 
« ^ ^  J ^  ^ 
3 
"Natural" 
Sources of 
Sediment 
* 
Delivery of 
Sediment 
to Stream 
1 
Small 
Watershed 
Transport 
sedimentation 
of 
Reservoirs 
Deposition 
Delta 
Formation 
Gully and 
Channel 
Erosion H 
1 
Bank erosion 
and 
Cnannei ana 
Figure 2 . Movement of sediment in surface waters 
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The estimation of rates of erosion from various land based activities 
of man occupies a rather large volume of literature. However, in summary, 
the physical variables of concern are those that deal with regional varia­
tions, soil type variations, changes in land slope and slope length, vege­
tative cover, and land management practices. A summary of research in this 
area is given in a publication by The American Society of Civil Engineers 
(1). To adequately evaluate erosion potential or actual field loss, ex­
tensive studies have been undertaken by the Soil Conservation Service, 
Agricultural Research Service, and a number of state experiment stations 
for many years. From the earliest work of H. H. Bennett and his associates 
(6) to the extensive research of Wischmeier and his group (111, 112, 113, 
114 ) and the present research of individuals in various agricultural ex­
periment stations, the areas of soil loss and sediment transport have been 
studied extensively. 
Erosion rates in this study are computed based on the "universal soil 
loss equation" developed by Wischmeier and Smith (113). This procedure 
offers the best hope for consistency in computing erosion rates of the 
available procedures. The universal soil loss equation and others like it 
attempt to estimate the gross soil loss or erosion rate from lands in var­
ious uses by evaluating the parameters of the soil, its topography, and its 
use. Of these variables, several stand out and are evaluated more exten­
sively in other sections of this study. However, soil erodability and 
texture as determined by several variables, like soil grain size and com­
pactness, is very important in determining gross soil loss. Another simi­
larly important variable is rainfall and rainfall intensity. Thus, regional 
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variations in climate induce or distract erosion. For example, the high 
rainfall areas of the southeastern states are some of the potentially most 
erosive areas in the United States. 
Sources constitute one of the primary concepts in all sediment models. 
Analysis of economic impacts of sediment sources and their control has been 
studied on both the local and national level. A critical part, however, 
of providing Information on impacts, both benefits and costs, of sediment 
control is to provide a link that illustrates the potential and actual 
movements of pollutants. The link is provided by sediment delivery and 
transport models. 
Sediment delivery 
Sediment delivery is a second component of the sediment transport 
system. Sediment delivery represents the movement of soils from their ori­
ginal resting place to some point downstream from the eroded area. Normally 
this process is looked at somewhat in reverse since measured sediment loads 
or yields are compared with computed gross erosion rates for the entire 
watershed. This process computes the expected losses of eroded sediment 
between the sediment sources and the river system. Such losses occur in 
trapping of sediment residue in fence rows, ditches, culverts, and small 
waterways. Also, scaae dislodged soils settle on lower, less steep land 
without moving from the original field or hillside. The mechanics of sedi­
ment delivery are extremely difficult to quantify since the description of 
the trapping materials and the flow surfaces is equally difficult. Each 
type of particle has different movement patterns depending on size. 
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Many important variables enter the computation of sediment delivered (or 
yielded) from a watershed. These variables are at the most detailed level 
as complex as those for computing gross erosion from various sources. 
From a mathematical modeling standpoint, the process cannot be 
exactly described. Therefore, various descriptive processes exist to pro­
vide additional information on the movement of soils from watersheds (55). 
Using the descriptive techniques of multivariate analysis, sediment yields 
and delivery are computed using variables measured within individual water­
sheds. These variables include size of the watershed, topography, and 
land use. Such studies are most often made on small watersheds. 
Details of these various procedures are given Tfi Vknoni et âl. (107), 
the American Society of Civil Engineers (1), and United States Department 
of Agriculture (79,80) publications. The procedures of computing delivery 
coefficients are varied, but the procedure by Roehl is easy, and commonly 
used on small watersheds (55). For this study, none of these procedures 
prove adequate for estimating sediment delivery, and delivery ratios are 
computed for individual river basins. 
Sediment transport 
The third major component of sediment movement is the transport of 
particles in the streams by water ( 1, 21). There are three primary types 
of transport depending in part on soil particle size. These are suspended 
load, bed load, and wash or dissolved load. In the wash load, the super 
fine particles which are dissolved and carried in the water become a part 
of the water movement and are of little concern in this study. Likewise, 
the bed load is in part the larger particles, like rocks and boulders. 
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with some intermediate-size particles. These particles are slow moving, 
creeping along the stream bed, generally in contact with the bed throughout 
transport. One particle moves, dislodging another, and another replaces 
it in a gradual progression. Several elaborate equations have been de­
signed to estimate the bed load. The procedures are appropriately known 
as bed load formulas (1 ). Since bed load is a very slow process, composes 
localized problems, and is almost totally trapped in stream structures, it 
is not of concern in this study. 
Suspended sediment load is the variable of concern in this study. As 
indicated in Figure 2 , sediment transport is a complicated process. The 
development of procedures to estimate the movement of sediment include such 
variables as the transport mechanism, various types and sizes of soil parti­
cles, velocities of water structure of the river, particle fall velocities, 
and the man-made structures in the stream. The velocity and movement of 
water in the open stream channel keeps soil particles in suspension. The 
particles move with the water as it is transported toward the ocean. As the 
water velocity Increases and decreases, particles are added to and 
subtracted from the sediment load. 
The process of interest in this description of sediment transport is 
illustrated in Figure 2 . Sediments brought to a main stem stream are moved 
into the stream with the water. However, two important events occur which 
modify the stream sediment transport. Sediments are deposited either be­
hind stream structures such as dams and locks or in reservoirs, and secondly, 
sediment is added to the stream load by the eroding away of the banks or 
bed of the stream. Thus, a total sediment load moves from every river 
basin that is ccmposed of the sum of sediment deliveries to the stream from 
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Individual watersheds, from upstream main reaches, and sediment eroded 
from banks and channels less sediment deposits in reservoirs and overwashes. 
Sediment trapping in reservoirs constitutes one of the important 
modifications to sediment transport induced by man. The impounding of 
water for human uses of necessity includes the impoundment of sediment. 
However, descriptive modeling has been carried out in several studies, the 
primary one being done by Brune (U). This study relates the trapping ef­
ficiency of a reservoir to the size of the reservoir and the size of the 
watershed above the reservoir. This model gives the percent of sediment 
coming into the reservoir that is trapped in the reservoir. 
Another aspect of sediment transport comes under the general topic of 
geomorphic equilibriim. Although not generally discussed as a part of en­
gineering studies, the concepts of equilibrium of a stream system are inher­
ent in the model developed in this study. Equilibrium of a stream system 
is said to exist if the flood plain of the river is neither agrading or de­
grading. That is, if in the long run, neither deposits nor erosion occur 
from the stream bed (37, 58). Man has initiated changes in land use and 
stream channel structure that have affected the equilibrium of stream systems. 
The impact of such changes on sediment loads is not clear. 
The simplified model of sediment transport described in this section 
is adequate for describing movements of sediment based on long run changes 
in land use. The establishment of a stream system in total equilibrium 
is an ideal condition, but one that provides a model for estimating the 
effects of society on sediment loads. Geological periods are of little 
conseqence when planning for man-induced problems. 
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Economics of Sediment in Water Quality 
The often neglected, but exceedingly important, role of sediment in 
water quality is emphasized in Figure 3 . The total annual damages caused 
by sediment are estimated to exceed $175 million ( 2 ). This impressive 
number, however, does not adequately describe the less direct damage attrib­
utable to sediment since cost estimates cannot be made for damages on 
wildlife anH fish habitats. The individual components of Figure 3 repre­
sent an entire cross-section of the protlons of society exposed to potential 
sediment damage. These estimations are based on 1962 prices, and under­
estimate current value of damages. However, a summary of these estimations 
gives a distribution of sediment costs among the damaged (2). 
Loss of reservoir storage is one of the most obvious damages atributable 
to sediment. Damages estimated at $50 million annually occur as reservoir 
services are lost. The storage of water in reservoirs is planned by soci­
ety to provide water for the generation of electrical power, to control 
floods, to provide water supply, to provide irrigation water, recreation, 
and multiple uses including fish and wildlife and aesthetics. 
The direct damage to agricultural lands is estimated to cost an 
additional $50 million annually. This damage occurs in the form of over-
wash of agricultural lands by less or nonproductive soils, the impairment 
of natural drainage from agricultural lands, the scouring of flood plains, 
and erosion of stream banks. Each of these damages directly affects the 
productive capacity of agriculture. Less obvious and less direct damages 
occur to agricultural and other lands that cannot be directly accounted. 
This damage occurs as land is slowly reduced in productive capacity by the 
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removal of valuable topsoil and associated nutrients. These damages have 
long been of concern to Americans, but defy a precise damage estimate. 
Flood damage which occurs as a result of sediment deposits are estimated 
at $20 million annually. A similar area of damage is the impairment of 
drainage enterprises on agricultural and nonagricultural lands. Such dam­
age is estimated at another $17 million annually. Damage to harbors and 
navigation facilities are estimated to cost about $12 million each year. 
These damages are caused by the impairment of services provided by these 
facilities. Irrigation enterprises are damaged at an estimated $10 million 
annually, while $5 million annually is required to purify water to remove 
turbidity caused by sediment. These estimates exclude depletion of agri­
cultural lands and other damages resulting from loss of fish and wildlife 
breeding areas and habitats, the eutrophication of lakes, and similar in­
direct or unaccountable damages. 
Recent estimates place losses in the United States from sediment and 
associated flood waters damage in upstream watershed areas at $1 billion 
annually. The amount of the damage attributable to sediment and sedimenta­
tion is not known, but estimates of $500 million annually have been made. 
Sediment removal from streams, reservoirs, and harbors costs $250 million 
annually (25). 
Table 2 provides a third estimate of the sediment damages in the Upper 
Mississippi river basin alone. These estimates are not totaled, but the 
individual components outlined show that the problem of sediment is promi­
nent and affects a wide cross-section of water-related enterprises (69, 62). 
These estimates of sediment damage prompt two conclusions. First, 
however accounted, sediment is an expensive polluting material. Whether 
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Table 2> Estimate annual sediment-related damage for the Upper Missis­
sippi river basin^ 
Description Annual damage 
(million dollars) 
Damage from gully erosion 
Destruction of land by removal and 
lowering of the remainder of a field 11.8 
Damage of fences, farm buildings, and 
Improvements . 5 
Damage to roads, bridges, homes, businesses .5 
Interruption of travel due to road damage, 
farm equipment breakage, loss of grazing 1.3 
Total 14.1 
Damage from sheet erosion 
Not estimated 
Damage from sediment 
Overbank deposition of infertile sediment on 
productive land 2.5 
Swamping of crops due to impaired drainage 
caused by channel clogging 1.8 
Increased flooding due to channel clogging .7 
Removal of sediment from drainage ditches and 
structures 5.8 
Roads and railroads, damage and removal of 
sediment froa ditches 8.8 
Water filtration, increased cost of chanical? .3 
Reservoirs, depletion of capacity 2.9 
Dredging of navigation channels 2.2 
Total 25.0 
Daaage from flood waters 
(upstream damage in basins smaller than 1000 km^) 
Destruction of crops, damage to property, buildings 
roads, and indirect damages 29.4 
^Source: Stall (62). 
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erosion is a residual from incomplete or inaccurate land utilization and 
planning or from uncontrollable natural sources, the reduction of soil 
losses offers substantial potential for the eliminating sediment-related 
damage. The second conclusion is that the damages from sediment and the 
control of sediment are primarily public in nature. That is, much of the 
damage, particularly to transportation facilities and water supplies, are 
not damages to individuals but damages sustained by society as a whole and 
paid from public funds. And, in most cases, the control of sediment by 
individuals is not an efficient allocation of resources. The protection of 
the environment and the conservation of natural resources is, by default, 
a twofold function of society as a whole. The public is responsible for 
both environmental protection and resource conservation. 
Locational Aspects of Sediment 
The production of agricultural commodities occupies much of the surface 
area of the United States. Yet no other activity is more regionally speci­
fic in production and, at the same time, more diversified in adaptation of 
technology. These variations in agricultural output and input requirements 
breed many of the specific problems experienced in agriculture. These var­
iations cause diversity in land use» labor availability; size and type of 
equipment needs, irrigation water requirements, and marketing mechanisms. 
This diversity is one of the things that keeps United States agriculture 
strong and productive in serving both domestic and international markets. 
Residuals from production technology, including sediment are also important 
when considering the spatial or locational nature of agriculture. 
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Land is the basis of agricultural production, not just land for -
cultivating, but also land for range and pasture in livestock (see Table 
3). Forest and silva-culture occupy another large percentage of total 
land areas. With croplands (including range and pasture) occupying only 
approximately 23 percent of the total land area of the United States, one 
can readily see why the spatial or locational aspects of agriculture must 
not be overlooked (81). 
Table 3. National land use by land use type for the 48 contiguous states® 
Total Inventoried 
Cropland 
Pasture land 
Range land 
Forest land 
Other land 
Total Noninventoried 
Federal noncropland 
urban And buildup 
Water area 
Total Land Area 
(000 acres) 
437,203 
101,061 
379,929 
459,857 
54,658 
399,127 
£.r\ 0*70 
7,065 
1,432,708 
467,065 
1,899,773 
^Source: (81). 
Basis of locational differences 
In this era of examination of any process that affects the quality of 
rivers or lakes, the spatial diversifications of agriculture are even more 
important. United States agriculture can in no way be considered homoge­
nous over very large areas. The reasons are simple: weather, land produc­
tive capability, and adaptable crops and technologies. These three re­
straints on agriculture vary widely across the United States. Although 
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these variations are conmonly known, a brief review reveals some of the 
locational aspects of agriculture which surface throughout this study. 
Weather variations are paramount in the production of agricultural 
goods. Average rainfall varies from less than six inches per year in the 
desert Southwest to more than sixty inches annually in the Pacific North­
west. Both extremes limit the type and scope of agricultural production 
in the affected areas. When irrigation is absent, much of the arid and 
semiarid lands of the southwestern United States, central and northern 
Great Plains, and mountainous West cannot grow cultivated crops. Range and 
desert sands predominate in these areas with enclaves of irrigated cropland 
breaking the natural pattern. In contrast, the southeastern United States 
is dominated by semitropical conditions of high rainfalls and high humidity. 
Where extremely high rainfall occurs, cultivation may not be practical or 
feasible. Limitations on adaptable crops also exist for both rainfall ex­
tremes. Hcvevar, zest other areas of the United States are not normally 
limited by rainfall. Thus, irrigation is less important than dry land in 
total production when considering the technologies and resources required 
to produce domestic and export demands (38). 
Superimposed on the set of weather limits to production are the limits 
imposed by land production capability. The existence of land surface does 
not in any way express a productive capability. Obvious exceptions to pro­
ductive cropland are mountain rock and rough terrain, which are not acces­
sible to man nor equipment, and land preempted for other uses. However, 
a more subtle difference exists in productive capability of even reasonably 
level land which is already in cultivation. The rocky, timber-laden soils 
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of New England are not capable of the productivity of soils in the South 
and Southwest under similar weather conditions. Even having water for all 
the desert sands would not make then as productive as some other types of 
soils. In general, productive capability of soil is spatially distributed 
to different areas. The middle part of the United States, portions of the 
Southwest, the California Valley, and much of the Southeast contain much 
of the productive agricultural lands of the country. 
Viewing the limits of weather and productivity jointly, a vast area 
of intensely cultivated farm land becomes obvious in middle-America. The 
production of some 83 percent of the corn, 52, percent of the wheat, and 82 
percent of the soybeans produced in the United States occurs in the Missis­
sippi River drainage area. 
These locational elements of United States agriculture are extremely 
important when considering the impact of water quality variables. Varia­
tions in technologies, rainfall, soil structure, and cropping intensity 
help determine the importance of agriculture in water quality in any given 
area. The interface between agriculture and water quality is at the point 
of surface runoff from rainfall. From that initial contact all the way to 
the ocean, land use, agricultural technology, and land surface topology 
determine the movement of water and related residual elements to the stream 
structure. Soil, therefore, is a potential residual from agricultural pro­
duction depending primarily on these same factors. 
Sediment control policy has different potential impact on the various 
regions of the country. Arid areas have less severe cropland sediment prob­
lems than the Southeastern United States which have high intensity rainfalls 
59 
and large amounts of highly erosive lands. Similarly, the Mississippi River 
Basin, particularly the Upper Mississippi and the Ohio Basins have large 
acreages of exposed croplands and enough rainfall to aggravate potential 
sediment problems. Therefore, sediment, like other land-based water quality 
variables, has a definite locational aspect which will determine the impact 
of any proposed water quality policy. 
Location and soil loss 
The regional variations in agricultural production illustrate a 
combination of forces that result in differing patterns of production. 
Similar variations occur in erosion or soil loss from agricultural sources. 
To illustrate the variation in both land use and soil loss, land use data 
from the National Inventory (81) is summarized in this section. Erosion 
rate estimates are made based on a procedure explained in Chapter IV. 
Cropland acreages for 1967 are illustrated by 105 river regions on the 
map shown in Figure 4 . The expected large cropped acreages occur in the 
upper Midwest since the Dakotas, portions of Minnesota, Iowa, Illinois, 
Indiana, as well as Kansas and Oklahoma, all have higlt^acreages of cropland. 
This intensity is further illustrated in Figure 5 which shows cropland as 
a percentage of total land area. The intensity of Midwestern and Great 
Plains agriculture dominates United States agricultural production. Figure 
6 gives estimated erosion rates in tons per acre per year for the same 
regions shown in the two previous figures. These calculations are explained 
in Chapter IV of this study. 
Soil loss from cropland agriculture is extremely heavy in areas of the 
Southeastern United States, and moderately extreme in the Midwest, especially 
Croplands 
I 1 0 to 3 million acres 
3 to 5 million acres 
5 to 7.5 million acres 
7.5 to 10 million acres 
10 to 15 million acres 
over 15 million acres 
m 
Figure 4. Location of cropland agriculture in the United States (Source (81)) 
ïàmmM 
Percent Cropland 
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Figure 5. Percent of total land in cropland for various regions of the United States 
• 0 to 3 tons/acre 
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18 to 21 tons/acre 
» over 21 tons/acre 
Figure 6. Estimated average annual soil loss from croplands in the United States 
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the Missouri drainage areas of the states of Iowa and Missouri, which are 
characterized by highly erosive loess soil. 
Pasture and range acreages are shown in Figures 7 and 8. Pasture 
lands are prominent in areas east of the Mississippi River and Louisiana, 
east Texas, Arkansas, and Missouri. Range land, in contrast, is dominate 
in the western United States. These acreages correspond with the location 
of much of the cattle industry in the arid and semiarid areas of the South­
west and western Great Plains. Figures 9 and 10 illustrate soil loss rates 
computed for pasture and range, respectively. Pasture erosion rates are 
highest in the Ohio and Tennessee river basins. Erosion rates for range 
land are highest in the erosive Lower Missouri River Basin, the Upper Mis­
sissippi River Basin, and part of the Southeast. 
Forest land is located primarily in the Pacific Northwest, Mountain 
Southwest, Southeast, Maine, and parts of Minnesota and Wisconsin, as shown 
in Figure 11. These lands are not generally subject to high erosion rates 
except when subjected to extreme clearing technologies such as clear cutting. 
This is illustrated in Figure 12 where the highest erosion rates occur of 
especially erodable soils in relatively intense rainfall areas. 
A summary of the erosion potential from noncropland Is shown in Figure 
13. This "noncropland" erosion rate is the average soil loss in tons per 
acre per year occurring on all noncroplands by region. Averaging all non-
cropland together illustrates the areas of high erosion potential from non-
cropland. The Ohio River Basin, the Tennessee River Basin, and the Platte 
River and mid-Missouri area are potentially erosive. Combining the erosion 
from croplands and noncroplands shows that the eastern one-half of the 
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Figure 7. Location of noncropland pasture in the United States (Source (81)) 
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Figure 8. Location of range land in the United States 
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Figure 9. Estimated average annual soil loss from pasture lands in the United States 
0 to 3 tons/acre 
3 to 6 tons/acre 
6 to 9 tons/acre 
9 to 12 tons/acre 
12 to 15 tons/acre 
over 15 tons/acre 
Figure 9. Estimated average annual soil loss from pasture lands in the United States 
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Figure 10. Estimated average annual fioil loss from range lands In the United States 
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Figure 11. Location of forest land. In the United States 
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Figure 12. Estimated average annual soil loss from forest lands in the United States 
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Figure 14. Estimated average annual «oil loss from all lands in the United States 
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United States has the highest erosion rate from an average acre without re­
gard to the land uses in the area. The highest rates appear in the Missis­
sippi River drainage area (Figure 14) corresponding with previous studies 
(50, 108, 63). 
The Implication of these figures are dominate in showing the impact of 
policy designed to give environmental enhancement to waterways by regulat­
ing agricultural runoff. The level of potential control of sediment loads 
through agriculture varies by region, the land uses of the region, and the 
productive technology available in the region. 
This analysis attempts to investigate the locational variations of 
policy analysis within the context of sediment water quality. This investi­
gation is suggested in the opening of Isard's Location and Space Economy 
when he says "... certain changes in environmental features, such as soil 
erosion or silt agglomeration at mouths of rivers, do in our time accumu­
late to a critical point and then provoke wholesale economic and social 
adjustments" (30, p. 1). Thus, the control of the water quality of streams 
depends upon assessing the trade-offs between agricultural production and 
pollution resources among regions. 
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CHAPTER III. THE BASIC MATHEMATICAL MODEL 
Analyzing the complex interactions of environmental, production, and 
consumer demands on United States agriculture requires a methodology that 
views these interrelationships as simultaneous and concurrently recognizes 
the limits in resources and potentials in technical change. The methodology 
used in this study is that of a large-scale linear programming model. This 
model has evolved over a period of some 20 years of research at the Center 
for Agricultural and Rural Development, and its predecessors under the di­
rection of Dr. Earl 0. Heady. Early models of this type were relatively 
small and considered only a few interactions in crop production and resource 
availability. The two models used most as a foundation for this study are 
Eyvindson (17) and Heady, Madsen, Nicol, and Hargrove (23). The modeling 
process in environmental and agricultural interactions is continued by Nicol 
(50), Nicol, Heady, and Madsen (51), and Meister and Nicol (40). These 
studies provide much of the modeling background required for this study. 
Frequent reference is made to these studies in the discussion of the model 
used in this research. 
Model Goals 
The Implicaticms of an interaction between agricultural production and 
environmental quality are not new concepts. Attempting to model these in­
teractions is novel. The approach of this study is to augment existing mod­
eling techniques and models with a systaa that adequately quantifies sedi­
ment %»ter quality policies. Figure 15 illustrates the basic components of 
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a model. Previous models analyze the components of resource availability, 
product transformation, and commodity demands on a national scale. More 
recent models have evaluated fixed restraints on residual output at the 
national level. The goal of this study is to combine the good points of 
these models with residual transportation and collection systems that simu­
late a water quality system. An additional goal is to analyze potential 
environmental objectives and policies in terms of variations in stream water 
quality at the national level. 
Environmental 
Restraint or 
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Figure 15. The interaction between agricultural production and 
environmental quality 
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Similar models exist in smaller scale to analyze watershed stream 
quality variables (65, 59, 31, 48) . All of the previous modeling efforts at­
tempt to direct the impact of water quality policy on a single watershed or, 
at most, a small river basin. Although models of such scope are extremely 
useful in assessing and evaluating local level phenomenon, national policy 
variations and interregional trade-offs are ignored. However, the quanti­
fication of these interregional and national level impacts of environmental 
policy is essential in evaluating any national policy. 
Figure 15 relates a broad perspective of the environmental policy-
economic system interface. The availability of the classic resources of 
land, labor, and capital is no longer sufficient to guarantee adequate pro­
duction to meet demands. Secondary resources that can be described as 
"waste disposal resources" are also treated as limiting production capabil­
ities. These disposal resources are restrained by the imposition of non-
market goals on the economic production system. Environmental goals, both 
commercial and aesthetic must be considered. Such goals obviously require 
monitoring and restraining environmental pollutants to maintain or improve 
ecosystem balance. 
The concepts of the production-environment interface are further 
detailed in Figure 16 in terms of sediment vatsr quality, the variable of 
interest in this study. The resource components of this model which reflect 
the interrelations of agriculture and the environment are the cropland and 
sediment transport elements. 
The management of cropland resources in the production of final 
agricultural demands is essential in estimating the consequence of policies 
involving nonpoint source pollution from sediment. The relatedness of 
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livestock production to crop production, and crop production to sediment 
production accentuates the relations between the production of goods to 
meet the economic demands of the market and, simultaneously, environmental 
goals. Meeting both the goals of the environmental policy makers and the 
consuming public is the purpose of this model. The interaction of these 
two goals provides a tool for assessing the policy maker's means of obtain­
ing these objectives. 
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Figure 16. Agricultural production and stream sediment loads 
Basic Model Description 
The basic components of the model are described in the following 
sections. Emphasis is placed on regionalization, crop and livestock pro­
duction, commodity transport, water supply and transport, agricultural and 
nonagricultural sources of erosion, and the sediment transport system. 
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Each of these areas of emphasis Is based on the assumed Interrelationship 
of agriculture and water quality through stream sediment transport. 
This model uses as a base for analysis projected year 2000 conditions 
in technology, population, and export demands. This time horizon is con­
sistent with other models and projections recently made (104,86). Further, 
the year 2000 is far enough in the future to represent a reasonable "snap­
shot" for assessing long-run effects of environmental policy. 
The individual components of the model are briefly explained in the 
following sections for those components which are basic to the modeling 
structure described by Meister and Nlcol (40) and used for the 1975 National 
Water Assessment. More detail is provided in later sections on the modifi­
cations made to the water sector and the development of the sediment trans­
port sector. 
The basic model is outlined in matrix Equations (1) through (8). 
Mln (1) 
subject to 
Ax - b 
- d 
(2) 
(3) 
(4) 
(5) 
Sx - !>• 
0 - %T -
X (6) 
(7) 
(8) 
where 
X = conmodity and sediment production vector 
c = production costs vector, 
A = resource requirements matrix, 
b = resource limits vector. 
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d = commodity demands vector, 
B = commodity output matrix, 
S = soli loss matrix, 
Xjj = sediment delivery vector, 
= sediment transport vector, 
D = sediment delivery ratio matrix, 
T = transport ratio matrix, 
r^j = restraint vector on delivered sediment, 
r^ = restraint vector on transported sediment, 
s* = total erosion from exogenous sources. 
This statement of the model is simplified to express the central 
components without giving complexity to each component involved. 
The individual sections of the model can be described in easy to 
understand terms. Equation (1) is the total cost function for agricultural 
production and Includes cost for crop and livestock production and commodity 
transportation. Equation (2) is the resource transformation matrix equa­
tion v^lch converts the resource vector, b. Into the agricultural commodi­
ties demand through equation (3) from the final demand vector, d. Equation 
(4) is the sediment delivery equation. The sediment transport structure 
is represented in equation (5). Equation (6) represents nonnegativlty in 
production of agricultural commodities. And finally, equations (7) and (8) 
represent environmental restraints on sediment delivery and transport. 
Short sketches of these basic components of the model are Included in fol­
lowing sections. 
The National Water Assessment Linear Programming Model 
The base for development of the sediment transport and water quality 
analysis model is a model developed by the Center for Agricultural and 
Rural Development under contract with the National Science Foundation, the 
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Economic Research Service of the United States Department of Agriculture, 
and the Water Resources Council (40, 86). The basic agricultural produc­
tion and consumption structure of this model is retained for this study. 
with only small changes. Therefore, only brief descriptions of these por­
tions of the model are provided. Numerous references to the original 
sources are also supplied. 
Regions 
To develop a spatial model of an interactive competitive economic 
process, a set of regional delineations is required. In this model, an 
interacting three-tiered set of regions is used to provide a foundation for 
production and consumption activities. 
The producing areas (PA's) are county aggregations of river subbasins 
as provided by the Water Resources Council for developing the 1975 National 
Assessment of Water Resources (86). Figure 17 shows the 105 PA's that have 
resulted from this aggregation. This set of regions is hydrogically con­
sistent in terms of surface water flow. That is, the regions are subparts 
of large river basins that can be linked together to provide an approxima­
tion of the river basin. This linkage is shown by the heavy lines in Figure 
17 which are county boundary approximations for the river basin boundaries 
shown in Figure 17. All crop production activities take place at the PA 
level. Therefore, inputs and products (both commodities and residuals) are 
disposed of, and generated at the PA level. Water and sediment are examples 
of a production input and a production residual that are allocated at the 
PA level. 
Figure 17. Producing areas (PA's) for the major river basins of the United States 
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Market regions (MR's) are aggregations of contiguous PA* s which seirve 
as a network for regional exchange and commerce in the agricultural com­
modities produced. These commodities are produced by the crop: corn 
grain, silage (com and sorghum), barley, cotton lint, oats, wheat, sorghum 
grains, oilmeals (from soybeans and cotton), legume hay, and nonlegume hay; 
and by the livestock: pork, fed beef, milk and feeders (for intermediate 
use only). Other crops and livestock are allocated according to historic 
production patterns, projected yields, and projected demands based on pop­
ulation and export growth. These commodities are called exogenous for 
simplicity. Crop commodities are produced at the PA level and aggregated 
into a MR's stock of conmodities available to meet domestic, interregional, 
or international demands. Livestock commodities are produced at the MR 
level extracting needed inputs from the region's fund of produced commodi­
ties and stock resource. The MR's are shown in Figure 18. 
The interregional movements or water and associated sediment are the 
center of this study. This movement is between PA's in a pattern that will 
simulate the spatial relationships and the hydrologie flows between the 
river basins shown in Figure 19. The 105 PA's provide a macro view of the 
sediment and water relations that link the crop production to water quality. 
The PA'S aggregate to give the river basin. 
Crop production activities 
Linear programming activities are provided that produce the crops 
historically (or potentially) grown in each PA. Crops which are not pro­
vided activities are allocated resources a^ priori from each PA according to 
historical proportions and projected yields to meet future market demands. 
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Figure 18. Twenty-eight market regions (MR's) of the United States 
Figure 19. The eighteen major river basins of the United States 
84 
The crop production activities are the core of the model and occupy approx­
imately two-thirds of the vector x defined in equation (2). 
Land requirements All crop production activities use land at the 
rate of one acre per unit of the activity. Each PA has nine land quality 
classes which are aggregations from the land capability classes of the Soil 
Conservation Service as shown in Table 4 • Crop yields, per acre costs, 
and per acre soil losses are determined by land quality class and producing 
area. 
Table 4. Land quality class definitions 
Land Capability Classes Land Quality Class 
I 1 
lie 2 
lis, w, c 3 
Ille 4 
Ills, w. c 5 
IVe 6 
IVs, w. c 7 
all V 8 
all VI, VII, VIII 9 
Crop yields The crop yields are adaptations from Stoecker (64) and 
are defined in detail in other publications (51, 40). The average yields 
per acre of the 13 basic field crops are determined from statistically-
estimated functions based on the input costs of three fertilizer components 
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(nitrogen, phosphorus, and potassium), time, and the prices of the commod­
ity produced and the fertilizer inputs. 
The crop yield of an activity is adjusted to reflect the activity's 
land class, production technology, and the proportion of the average acre 
devoted to each crop. Therefore, the yields from a rotation of cotton-
wheat-cotton on land quality class 2 is adjusted from the average acre in 
the PA to a land quality class 2 acre by a percentage change in the yield 
as designated in Soil Conservation Service data (51). Two other adjustments 
are also required. The yield is adjusted to the tillage practice (conven­
tional tillage residue removed, conventional tillage residue left, and 
reduced tillage) and conservation practice (straight row, contour, contour 
strip cropping, and terracing) used in the rotations. This adjustment 
changes the crop yields based on the assigned adjustments provided by the 
Soil Conservation Service. The final adjustment is made by weighting to 
the proportion of the rotation producing the crop in aa average year. In 
the example case, two of three years, or two-thirds of the rotation is 
planted in cotton and one-third in wheat. This activity produces both cot­
ton and wheat in the average year. 
Costs The costs of producing each cropping activity are based on 
the set of crop production costs derived in an earlier study by Eyvindson 
(17). The crop activity cost represents the per acre variable, nonland 
costs of producing one acre of the activity. The costs are adjusted to the 
yields of the nine land quality classes, to the conservation and tillage 
practices, and to the crop weights of the rotation. Adjustments to costs 
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are made for summer fallow, and reduced tillage technologies based on re­
gional feasibility and application of these practices. 
Livestock production 
The production of livestock commodities is a source of intermediate 
demand for most endogenously produced crop commodities. Pork, milk, fed 
beef, nonfed beef, and feeders are produced from activities which compute 
the feed needs of hogs, beef feeders, beef cows, and dairy cows. The feed 
requirements are for optimally balanced feed rations. Each MR has several 
alternative feeding activities which are chosen by the model according to 
the internal prices computed and the comparative advantage of the various 
feeding activities and regions. The rations are developed in separate 
mathematical programming routines to guarantee that the combinations of 
feeds are palatable to the livestock class under consideration (51). This 
process then requires the direct input of feeds rather than condensed 
nutrients. 
The costs for livestock production are determined from Eyvindson's 
cost data as adjusted by Meister and Nicol (40), and include variations due 
to regional differences in productive capital assets required to produce a 
single unit of livestock. Suitable interest rates are used to determine 
amortized capital costs. 
Prespecified feed rations are also used to compute the demand for feed 
commodities required for exogenous livestock. These livestock include 
broilers, turkeys, eggs, sheep and lambs, and "other animals" such as horses, 
mules, ducks, geese, and zoo animals. Combined with projected levels of 
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exogenous livestock in the year 2000, these feed requirements act as a fixed 
exogenous requirement for feed commodities, pasture, and water. The de­
tails and coefficients for these demands can be found in Meister and Nicol 
(40). 
Nitrogen fertilizer equivalent waste are produced by all classes of 
livestock. These wastes are transferred to the model's nitrogen fertilizer 
balance system as potential inputs into the crop production system in ni­
trogen demand. The nitrogen-equivalent waste of the exogenous livestock 
is computed and available to the model as a fixed exogenous supply of 
nitrogen. 
Production of exogenous crops and roughage 
The inclusion of all crops in the model requires that some of the 
crops be allocated exogenously according to historical patterns. For crops 
other than the 12 listed previously as endogenous, year 2000 demands are 
determined from the OBERS-E' projections and the data provided by the USDA 
in the National Water Assessment (86). The projected domestic and export 
demands are met by determining a projected yield a priori allocation of the 
required land, water, and nitrogen fertilizer required to produce these 
crops. The requirements for inputs become net withdrawals from the resource 
base of the model. These withdrawals take place at the PA level, and are 
allocated by historical proportions of total national production. This 
description does not indicate the work and time required to process the data 
involved in allocating exogenous cropland. Meister and Nicol (40) present 
the details. 
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Allocation of exogenous roughage Is analogous to the allocation of 
exogenous cropland except that exogenous roughage provides an exogenous 
supply of nonlegume hay equivalent roughage. This hay supply is provided 
as an external supply of nonlegume hay available in the model as roughage 
in livestock production. The amount available in each MR is determined 
from the total available acreages of noncropland hay, pasture, range, and 
grazed forest. The total hay yields of the noncroplands are summed to give 
a total available supply of hay. These total acreages are from the National 
Inventory (81) and the yields are from Ibach and Adams (27 ). The spatial 
allocation of these lands among the MR's is based on 1975 location of 
these lands (40). 
Land base 
Land or soil resources are the primary resource in agricultural 
production. Land and water are often limiting factors in expanding agricul­
tural output in any region. The computation of available land resources 
is fundamental to estimation and analysis in this model since the amount of 
land available determines both commodity and sediment production. 
The land base is aggregated from the 28 land capability classes of the 
National Inventory into 9 land quality classes^ Table 4 shows the land 
class aggregation used for the model. Adjustments to the 1967 land base 
by land quality class are made to account for changes in land use between 
1967 and 2000. 
The land base utilized in this model is the OBERS-E' land base for the 
year 2000 (104). These estimates come from several sources and are specified 
in detail in Meister and Nicol (40). The cropland base is adjusted to 1975 
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by estimates of wetland drainage and irrigation development between 1967 
and 1975. The 1975 cropland base is then reduced by projected urban and 
buildup needs from 1975 to 2000. These estimates are taken from a proce­
dure developed by Spaulding and Madsen (61). It includes estimates of 
lands needed for highways, urban, industry, recreational, second homes, 
airports, reservoirs, and other uses. These estimates of nonagricultural 
land uses are also important in estimating erosion from noncropland sources 
as is explained in a later section. 
The final adjustment made in the land base is for the exogenous crops. 
Estimated acreages for these crops by region are subtracted from the land 
base, fixing the location of production proportional to historic trends. 
The projected acreage exogenous acres is extracted from the land base in 
accordance with OBERS-E' demand projections (104). The final land base is 
summarized by land quality class and river basins in Tables 5 and 6, respec­
tively. 
Commodity demands 
The driving force behind any economic system is the demands of 
consumers. In the case of agriculture, these demands are for food and nat­
ural fiber. The consumption of these items is basic to human existence. 
Therefore, the continued production required to meet both domestic and world 
export demands are the emphasis of this production model. In the application 
of this model, the primary emphasis is not on the implications of various 
scenarios of consumer and export demands on agriculture, but rather on the 
implications of environmental policy on this complex system. For this reason, 
commodity demands have been fixed for all policy alternatives considered. 
Table 5 . Dry and Irrigated cropland base and exogenous cropland acreage by river basin 
Dry Cropland Irrigated Cropland 
River Basin Available Exogenous* Model Available Exogenous* Model 
Crops Crops Crops Crops 
(000 acres) 
New England 1,324 279 1,045 
Mid Atlantic 9,271 850 8,421 
S. Atlantic-Gulf 23,872 4,464 19,408 
Great Lakes 22,900 1,887 21,013 
Ohio 29,766 720 29,046 
Tennessee 3,669 148 3,521 
Upper Mississippi 61,622 1,349 60,273 
Lower Mississippi 20,394 2,031 18,363 
Souris-Red-Rainy 19,670 1,167 18,503 
Missouri 87,075 2,344 84,731 8,028 251 7,777 
Ark.-White-Red 37,874 766 37,108 5,019 191 4,828 
Texas-Gulf 18,719 853 17,866 5,291 708 4,583 
Rio Grande 571 22 549 1,930 269 1,661 
Upper Colorado 188 24 164 1,037 32 1,005 
Lower Colorado 267 0 267 1,083 177. 906 
Great Basin 700 16 684 1,471 60 1,411 
Col.-N. Pacific 11,213 664 10,549 5,870 1,553 4,317 
California 2,079 100 1,979 7,466 3,083 4,383 
U.S. Total^ 351,175 17,686 333,489 37,195 6,325 30,870 
^Exogenous cropland use Is determined before the model Is run. 
^Totals may not add because of computer rounding. 
Table 6 . Dry and Irrigated cropland base and exogenous cropland acreage by land quality class 
Irrigated Cropland 
Land Quality 
Classes 
I (1) 
He (2) 
II 8, w, c (3) 
Ille (4) 
III s, w, c (5) 
IVe (6) 
IV s, w, c (7) 
all V (8) 
all VI, VII, VIII (9) 
U.S. Total^ 
Available Exogenous 
Crops 
^ Model 
Crops 
Available Exogenous 
Crops 
Model 
Crops 
28,009 1,196 26,813 9,021 1,451 7,570 
76,650 3,864 72,786 4,875 555 4,320 
79,960 3,895 76,065 9,656 1,537 8,119 
66,137 2,194 63,943 4,213 567 3,646 
48,363 4,047 44,316 5,747 1,607 4,140 
28,336 826 27,510 1,406 165 1,241 
8,721 1,018 7,703 1,810 376 1,434 
1,070 165 905 16 0 16 
13,924 474 13,450 446 63 383 
351,170 17,659 333,491 37,190 6,321 30,869 
use is determined before the model is 
because of computer' rounding. 
run. 
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Table 7 gives the national consumption demands, fixed Intermediate 
demands, and the world export demands used in this analysis. These demands 
are based on the OBERS-E' projections for the year 2000 with average ex­
ports (86). These demand figures represent a projection of trends in both 
per capita consumption and are single point estimates. All demands are 
treated as totally inelastic and must be met for feasible and optimal solu­
tions of the model alternatives. 
The total national population is projected to be 262,360,000 people 
in the year 2000 by OBERS (104). This projection is distributed regionally 
by the OBERS projection system and aggregated to the market region level to 
allocating domestic consumption of commodities. Export commodities are 
allocated as final demand in the MR's according to historical (1970-1972) 
export shipments from each region. 
Commodity transportation 
Three distinct uses of commodities are produced relative to 
interregional shipments of agricultural commodities. Produced commodities 
are shipped between market regions, consumed intraregionally, or consumed 
nationally. Com grain, barley, oats, sorghum grain, wheat, oilmeal, fed 
beef, nonfed beef, milk, and pork are shipped between market regions to 
satisfy demand in all regions at the total national minimum cost. Silage 
(com and sorghum), legume hays, and nonlegume hays are consumed intrare­
gionally only. Commodities consumed on a national basis only are cotton 
and beet sugar. 
The costs of intraregional shipment are computed by least-square 
regression from data given in the 1966 Carload Waybill Statistics (28). 
Table 7. National commodity demands for the OBERS-E' year 2000 projections 
Commodity 1 Units Pei: Consump­ Other Exoge- Export Exoge­ Feed Total 
Capita tion Uses nous Demand nous Demand Demand 
Demand Demand Supply Live­
stock 
Demand 
for Ex­
ogenous 
Livestock 
units 
Barley bu. .05 13.1 205.7 35.0 86.2 340.0 
Corn bu. 1.309 343.4 287.1 2,069. 1,096.2 3,793.9 
Oats bu. .212 55.8 48.5 21. 43.2 168.4 
Grain sorghum bu. a 15.2 380. 203.6 598.8 
Wheat bu. 2.338 613.4 89.7 919. 47.8 1,669.9 
Ollmeal cwt. a -22.64 271.5 700.6 344.1 1,287.5 
Fed feef cwt. 1.507 268.9 -26.3 6.6 242.5 
Nonfed beef cwt. a 126.5 -2.9 123.6 
Milk cwt. 4.566 1,197.9 -10.4 1,187.5 
Pork cwt. .715 187.6 -3.5 184.1 
Cotton bales .025 6.6 4.2 10.8 
Sugar tons a 39.9 
Nonlegume hay tons "a -154.5 6.6 -147.9 
Sheep and 
lambs cwt. .017 1,720.1 
Turkeys lbs. 12.a 3,438.2 
Broilers lbs. 51.6 15,076.3 
Eggs doz. 38.05 6,365.9 
Other units a 30.0 
^o per capita consumption available for these commodities. 
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These costë are computed for routes between a principal shipping center In 
each MR to the adjacent MR. The model Is a partial transshipment model 
since some additional long haul transportation routes are defined where di­
rect shipment of commodities between nonadjacent MR*s would save more than 
10 percent on total haul distance. The shipment cost is computed as an 
average or representative transportation cost. The cost variables repre­
sent relative interregional transport costs, not absolute costs. The re­
gression equations are presented in Meister and Nicol (40). 
A Supplementary Water Sector 
A primary deviation from the NWA model of Meister and Nicol (40) in­
volves the water sector. Water is an input resource in the irrigated western 
states. The implication of any agricultural policy includes the conditions 
and Impacts on irrigated agriculture. Colette (13) developed the water sys­
tem that provides a base for evaluating legal water problems in the western 
states. The water system used consists of water supplies from both surface 
and ground water, potential and required natural and man-made water trans­
fers, cost associated with water delivery and pumpage, and transfer and use 
efficiencies of irrigated agriculture. The water sector used in this model 
is a modification of Colette's water sector, designed to provide basic 
water requirements in a consistent manner at low computer costs. 
Water supply 
Water supplies are computed as both ground and surface water available 
in 2000 in each PA. The ground water is divided into rechargeable and de­
pletion water. The rechargeable ground water is treated as a part of the 
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surface water supply since in most cases these supplies cannot be hydrolog-
ically separated. Depletable ground water is provided as a separate water 
supply available at a substantially higher cost to agriculture than surface 
water. In areas where depletable ground water and surface water-
rechargeable ground water are found, both supplies are provided as a resource 
base in crop and livestock production. The water supplies available to agri­
culture from both surface water and depletable ground water are shown in 
Table 8 by river basins. 
Water use coefficients 
Crops utilize water at a rate consistent with a 50 percent drought 
probability (86). Endogenous livestock also use water from supplies avail­
able in the model. Water requirements for both exogenous crops and live­
stock are computed separately and fixed as exogenous demands on available 
vater supplies. Likewise, demand for nonagricultural and exogenous cropland 
use uses are placed as fixed exogenous demands on water supplies. Therefore, 
in this model, agriculture is treated as a residual water user. 
Transportation of water between PA's takes three forms: natural stream 
flow within a river basin, man-made transfers within a river basin, and man-
made interbasin transfers. Each of these transfers has a separate effi­
ciency associated with it, depending upon the type of convenience and the 
location of the transfer. Bounds are placed on the carrying capacity of 
the transfers, both man-made and natural, to reflect the natural annual 
volume that can be transported over each route. 
Table 8 . Agricultural water supplies and exogenous agricultural consumptive water demand by 
river basin 
Agricultural Water Supplies 
Depletable Surface Exogenous Agricultural 
Groundwater Water Consumptive Water 
Demands 
(000 acre feet) 
Missouri 897 35,663 388 
Ark.-White-Red 4,405 24,198 391 
Texas-Gulf 3,621 10,897 2,197 
Rio Grande 23 5,116 651 
Upper Colorado 0 10,972 54 
Lower Colorado 3,000 2,969 564 
Great Basin 600 2,409 128 
Col.-N. Pacific 0 140,174 2,950 
California 7,774 43,977 9,195 
Western basins 20,320 276,380 16,518 
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Water costs are developed to reflect the diversion cost of irrigation 
water, and are computed for each PA from average Bureau of Reclamation pro­
ject water costs.^ 
The water sector provides a spatial allocation of water as an input 
for national agricultural production consistent with currently observed 
patterns. The water sector is unchanged for the policy alternatives con­
sidered in this study since the environmental variables being studied are 
sediment and water quality, not the availability or transferability of ir­
rigation water. 
Erosion Sector 
This study is an analysis of the interaction of agricultural production 
with water quality through cropland erosion. As such, the analysis and veri­
fication of the procedures used to estimate erosion rates constitute a major 
portion of this study. This section simply states the working relationships 
between the variables of the sediment water quality system. The details 
are left for Chapter IV. There are four ways that the erosion sector re­
lates to the other sectors of the model. These are the erosion of active 
cropland, the erosion of idle cropland, the erosion of exogenous sources, 
and the computation of the variables of sediment transport system. The 
first three relationships are outlined in this section. The fourth is in 
the following section on sediment transport system. The details of each 
are provided in Chapter IV. 
^See Madsen (38) and Colette (13) for detailed information. 
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Soil loss from cropland 
Soil loss occurs for all cropping activities available in the model. 
The development of technologies to reduce soil loss have been effective in 
many areas, and this characteristic Is reflected in the cropping activities 
available and the soil loss computed for each of these technologies. This 
procedure follows the one used by Nicol, Heady, and Madsen (51) and is 
given in more detail in Chapter IV. 
The soil loss for each cropping activity is computed using the 
Universal Soil Loss Equation (113). The foundation data for these computa­
tions comes from data provided by the Soil Conservation Service in a ques­
tionnaire (51). The equation is 
SL = R • K • L • S . C • P (9) 
where 
R = rainfall intensity factor, 
K = soil erodabilicy factor, 
L = slope length factor, 
S = slope factor, 
C = crop management-tillage factor, 
P = conservation practice factor, 
SL = gross soil loss from sheet and rill erosion in tons 
per acre per year. 
This cropland erosion sector is the portion of the model most flexible 
in managing sediment water quality since alternative cropping activities 
have different levels of soil loss. The trade-offs that exist between the 
regional location of crops, crop management practices, tillage practices, 
and conservation practices potentially reduce the gross soil loss of pro­
ducing the demand bill of agricultural commodities. The linear programming 
model selects the alternatives according to a cost minimizing criteria 
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subject to the desired resource limitations and environmental restraints. 
It is at the crop production level that sediment loads are controlled in 
this model. For areas west of the Rocky Mountains, the estimates of the 
soil loss rates are drawn directly from the SCS data (51). 
Noncropland erosion 
The erosion sector of this model provides estimates of the exogenous 
erosion or erosion not controllable by the selection of cropping activities 
within the linear progrsssning Tsodel. This sector of the model includes 
erosion from forest, pasture, range, urban and buildup, exogenous cropland, 
gullies, channels, and several other sources. The total of these uncon­
trollable sources is represented by the vector s* in equation (4). This 
vector has an elanent of each PA in the model. 
The procedures used to determine the total noncropland erosion are 
given in detail as part of Chapter IV. This fixed level of erosion is dis­
tributed as a part of the sediment transport system just as the erosion 
from active and idle cropland (see equation (4)). 
Soil loss from idle cropland 
In a modeled system for estimating the affects of fixed commodity 
demands on the crop production system, some of the cropland base is not re­
quired to produce these demands. This unused land is idle cropland. How­
ever, despite its lack of productivity, this land does erode and the eroded 
land contributes to the sediment loads in the streams. 
To assume that the modeling procedure treats all lands as potential 
erosion sources, an erosion production rate is computed for lands not 
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required for agricultural production under policy alternatives. 
These rates are computed by PA and land quality class according to the 
erodability of each soil in each area. 
An additional activity is provided in the model for each land class 
for each PA. This slack activity produces a soil loss for each acre of 
cropland which goes unused or as slack. The erosion rates for idle land 
are detailed in Chapter IV. 
The Sediment Transport System 
The development of a model of the transport of sediment in the river 
system of the United States is a goal of this study. The problems associ­
ated with sediment movement and accumulation are established earlier in this 
study. The objective of this section is to present the basic modeling 
procedures used to estimate the movement of the sediment resulting from the 
erosion. The tools described in this section are used to estimate sediment 
movement for analysis of national and regional environmental goals and 
establish a basis for a better understanding of the relationships between 
environmental quality and agricultural production. Therefore, emphasis is 
not placed on a detailed and complex physical model of sediment movement, 
but on the interface between the water quality system and the national agri­
cultural economy. 
Linking the various concepts involved in establishing a sediment water 
quality model uses the three distinct types of soil movement: sources, de­
livery, and transport. The sources of soil for movement to the river sys­
tem are outlined in the previous section. This section provides the link­
age of the sources of sediment to estimating sediment movement and loading 
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in the river system. This highly simplified mechanism is approximated by 
using the concepts of delivery and transport ratios to proportion and ag­
gregate soil moving as suspended particles in the water. 
As specified in previous sections, the elementary sediment sources 
provide the residual substance to be evaluated in this model analysis. To 
cake such evaluations, the sediment system delivery is specified in a form 
that models the natural hydrologie system. Three important aspects of the 
transport systan are illustrated in Figure 20: the flow system, the de­
livery of sediment, and the transport of sediment. These concepts formulate 
the sediment transport system. 
Once soil is dislodged from its original source, a very complex 
physical process is initiated that moves soil, as suspended particles, from 
place to place. This model is an approximation procedure designed to link 
the necessary physical model of sediment transport with the economic pro­
duction and technical information of a large-scale interregional production 
model. 
Flow system 
The development of an interregional flow system for water quality 
variables is used to link the producing areas of the economic model, such 
that the interregional movements of sediment approximates the natural flow 
of the rivers. The streams of each PA are assumed to flow uniformly into 
downstream PA's or oceans. This is reasonable since the PA's are designed 
based on river subbasins. Figure 21 shows the stream flow system used in 
this model. This flow system is based on the 105 PA's (99 Water Resources 
Council's aggregated subareas) and the Soil Conservation Service's Atlas 
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Figure 20. A schematic representation of the sediment transport 
sutaodel and the model control or policy variables 
Closed basins 
Figure 21. Schematic river flows for the Sediment Transport Submodel 
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of Major Rivers (85). The dominant water flow of the stream Is indicated 
by the direction of the arrow from one region to another or to the ocean. 
The Great Basin in the western United States has no Interbasln flow.^ 
Delivery of sediment 
The entrapment of sediment in ditches, culverts, creeks, and small 
water storage structures constitutes an "inefficiency" in the movement of 
sediment as it flows toward the river system which is its final carrier. In 
fact, only relatively small amounts of the gross erosion ever become a 
part of the Instream sediment load of a major stream. To simulate this in­
efficiency, only a proportion of the total gross erosion is delivered down­
stream. This proportion known as the "delivery ratio" is fixed, and applies 
only to the suspended sediment load being analyzed. Therefore, for each 
of the 105 PA'S, a delivery ratio is used to determine the proportion of 
srcsion froE all sources that moves into downstreaz areas, either rivers or 
the ocean. Each PA contributes to sediment loads as one of the inputs into 
the total load in PA's downstream. The significance of such Introduced 
loads Is determined by the stream morphology and the total flow network 
below the point of inflow. If sediment-trapping facilities, such as large 
reservoirs, are located on the downstream river reach, sediment contribu­
tions move to that downstream structure and no farther. And, the importance 
of the erosion contribution from the original PA is of little Importance to 
sediment outflow to the ocean. 
^For purposes of this model, a delivery ratio is assumed for each PA 
in the Great Basin. However, the flow is simply to a basin accounting row, 
so the sediment restraints placed on the model can also apply to the Great 
Basin where erosion is an important problem. 
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The internal physiology of a region determines the relevant delivery 
ratio. That is, regions of open lands with few trapping elements tend to 
have high delivery ratios, and regions with complex interlacings of roads, 
highways, and small stream structures have low delivery ratios. However, 
it is the areas with large numbers of trapping devices that suffer the most 
sediment damage, since deposited sediment must be removed from ditches, 
roads, and streams to allow normal drainage and commerce to take place. The 
delivery ratio also depends on the compositions of rainfall within the re­
gion. Small localized thunderstorms cause substantial erosion in desert 
regions, and the movement of the sediment to the stream system is signifi­
cant since much of the sediment continues to flow to the stream. Aside 
from localized conditions of rainfall, the sediment delivery is affected by 
the land use and conservation practices of the region. If watershed pro­
grams or productive economic conditions have induced the construction of 
water storage ponds, the level of delivered sediment is smaller than in less 
controlled areas. 
Other local conditions also are important in establishing the delivery 
ratio of each watershed or region. For this model, conventional procedures 
for computing delivery ratios proved inadequate.^ The extension of these 
existing procedures to the large areas of this model is not desirable. 
Therefore, the delivery ratios for all PA's are estimated using data mea­
sured and computed in the PA itself. This process automatically brings many 
local variables into consideration when estimating delivery ratios. 
Table 9 gives the ratios used for each PA. The variations among regions 
^See (1) for typical methods. 
Table 9. Sediment delivery ratios used in the sediment transport submodel 
Producing 
Area 
Sediment 
Delivery 
Ratio 
Producing 
Area 
Sediment 
Delivery 
Ratio 
Producing 
Area 
Sediment 
Delivery 
Ratio 
Producing 
Area 
Sediment 
Delivery 
Ratio 
1 .016 28 .03 54 .032 80 .022 
2 .016 29 .03 55 .032 81 .001 
3 .041 30 .03 56 .032 82 . 064 
4 .041 31 .064 57 .112 83 .058 
5 .041 32 .03 58 .037 84 .213 
6 .04 33 .03 59 .037 85 .077 
7 .025 34 .185 60 .111 86 .023 
8 .025 35 .03 61 .074 87 .001 
9 .012 36 .01 62 .03 88 .01 
10 .016 37 .01 63 .024 89 .01 
11 .01 38 .134 64 .032 90 .01 
12 .008 39 .001 65 .004 91 .01 
13 .006 40 .028 66 .022 92 .01 
14 .005 41 .049 67 .01 93 .043 
15 .004 42 .05 68 .019 94 .01 
16 .003 43 .05 69 .053 95 .057 
17 .003 44 .043 70 .006 96 .068 
18 .002 45 .035 71 .012 97 .01 
19 .016 46 .258 72 .007 98 .01 
20 .019 47 .014 73 .081 99 .378 
21 .012 48 .079 74 .001 100 .021 
22 .03 49 .074 75 .018 101 .003 
23 .03 50 .161 76 .008 102 .018 
24 .03 51 .322 77 .01 103 .107 
25 .03 52 .003 78 .001 104 .005 
26 .03 53 .007 79 .059 
105 
.01 
27 .03 
o 
o\ 
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are large and do not have a precise base of estimations such as the one 
developed by Roehl (55). Another noticeable advantage of the computing 
procedure used is that it is based on data similar to that used in the over­
all modeling procedure and, as such, is internally consistent. The deri­
vation of the delivery ratios is given in Chapter IV. 
Sediment transport 
Sediment transport refers to the movement of sediment within the main­
stream of a river system and is the movanent of suspended sediment by the 
energy developed within the stream as water moves to the ocean. In an open 
stream channel with no water impoundments or cross-stream structures, most 
of the sediment that enters the region in the stream flows through and out 
of the region. In the more general case, sediment transport is the pro­
portion of all sediment delivered to a river reach from upstream regions 
that flow from the region. In Figure 21, for example, sediment flows from 
PA 74 to PA 75. The sediment transport ratio for PA 75 is the proportion 
of the sediment delivered from PA 74 that passes through PA 75 to the Gulf 
of Mexico. PA 74 has no transport ratio since there is no sediment flow 
through the region and the movement of sediment is proportioned by its de­
livery ratio in PA 75. 
All PA'S that have such flow-through also have transport ratios. Table 
10 gives a list of transport ratios for these PA's. These ratios depend on 
the stream structures in each PA. See Chapter IV for details. 
Sediment Submodel: A Mathematical Statement 
The final conclusion of the linear programming system links the 
elements of the physical system of sediment delivery and transport with 
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Table 10. Sediment transport ratios used in the sediment transport sub­
model 
Producing Sediment Producing Sediment 
Area Transport Area Transport 
Ratio Ratio 
8 1.000^ 59 1.000^ 
31 .513 60 l.OOOa 
34 .735 63 .270 
38 .OOlb 64 .228 
40 .700 66 .110 
41 .400^ 68 .067 
42 .540 69 1.000* 
43 .950 73 .020 
44 l.OOOa 75 .003 
45 1.000® 78 .106 
46 1.000® 79 .188 
48 1.000* 81 .334 
50 .029 84 .038 
52 .001 86 .016 
53 .838 93 .OO7C 
55 1.000® 95 .256^ 
56 1.000® 96 1.000® 
57 1.000® 
"^o mainstream structures in this PA. 
^Minimum sediment transport set at .001. 
^Adjusted after personal telephone conversation with U.S. Army Corps 
of Engineers personnel. 
the physical and economic interrelationships of previous models. There 
are many extremely simplifying assumptions that made the framework acces­
sible as a national planning system. Such assumptions ignore much of the 
technical detail of sediment transport and concentrate on the basic con­
cepts of suspended sediment movement. The purpose of such a model is to 
develop a tool applicable in analyzing the variations of planning policies 
in alternative futures. 
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This model accomplishes this goal. A mathematical statement of the 
sediment transport system summarizes the concepts of the model. 
Sediment delivery 
Sediment delivery is based on the idea that only a proportion of 
erosion or soil loss actually arrives at the stream. This is illustrated 
in equation (9) which includes the sum of sources controlled by the produc­
tion or use activities of the land. This delivered sediment is available 
to be transported downstream. Thus, the following relationship between 
sediment sources and sediment delivered exists. 
°i 2 = xj (10) 
where 
X = acres of production activity k on land quality class j in PA i, 
ij k 
Sj = tons per acre of gross soil loss from activity k on land quality 
class j in PA i, 
s^* = tons of gross soil loss in PA i for land uses 
^ not endogenous to the model, 
X_,. = acres of idle cropland in land quality class j, 
•«•J 
A 
Sj^j = tons per acre of gross soil loss from idle cropland of class j, 
D. = proportion of gross soil loss that reaches the stream in 
Î PA i, 
X^ = tons of suspended sediment delivered from PA i. 
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Sediment transport 
The delivered quantity of sediment, is assumed to behave according 
to the mechanics of the stream. That is, sediment once in the stream moves 
with the water and "obeys" the properties of the stream. This character-
1 istic is expressed by the following equation. 
^1 
2 x ^ +  2 x F 1  = X J  ( 1 1 )  
h± ' k^i ^  J 
where 
x9 = the sediment delivered from the fth upstream PA directly into 
' PA i, 
T 
X^ = the sediment transported through an upstream PA k into the 
stream system of PA i, 
T. = proportion of sediment moved to PA i's boundary which is trans-
^ ported through PA j, 
X^ = sediment transported through PA i. 
Basin sediment accounting 
The total sediment load, at the point of river basin outflow is 
Xi, =XiJ+X^,® (12) 
or the sum of sediment delivered from the last or i'th PA in the river basin 
and the sediment transported through the i'th PA. 
Equations (10)j (11)» and (12) form the basis for the linear programming 
model and the policy variations that are analyzed. Put into the more famil­
iar linear programming format these equations are (10)*, (11)', and (12)' 
as follows. 
^The symbolism l-*i and k-»i means "for all / (or k) contributing directly 
to 1." 
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(10)' 
(11) ' 
(12)' 
The variables D^and are constants depending on the physographic and 
hydrologie makeup of the PA. The quantity on the right of equation (10) ' 
is a constant depending on the geomorphology and land use of the area. 
The linear programming model solved in this study is a cost 
minimization problem. Equation (1) expresses this objective. The compo­
nents of the objective function are the costs associated with crop and 
livestock production and the transportation of these commodities between 
market regions. The objective is to produce the regionally demanded agri­
cultural commodities at minimum total national cost. 
The Individual components of the cost equation are discussed in 
previous sections. The only point that remains to be emphasized is that 
the delivery and transport of sediment has no direct cost, either to in­
dividuals or to society as a whole. However, the placing of restrictions 
on sediment water quality as warranted by policy does place implicit or 
implied cost on society by altering the production processes acceptable in 
satisfying the environmental goals of the policy. 
The Objective Function 
112 
CHAPTER IV. SEDIMENT TRANSPORT SUBMODEL CALIBRATION 
The essential Inputs to the model of water quality and agriculture 
discussed in Chapter III are the variables that relate agricultural produc­
tion to water quality. These variables are all a part of the sediment 
transport subsystem. The sediment transport submodel consists of three 
primary components: sediment sources, sediment delivery ratios and sedi­
ment transport ratios. Each of these components has unique requirements 
for input data manipulation. The emphasis in designing the coefficients 
that describe each of these components is to approximate the sediment flows 
of the aggregate modeled system to the recorded sediment load. 
The development of a modeling system that simulates the sediment flows 
of the natural system requires two activities that relate the model to his­
toric patterns. The first is the establishment of a base model that gives 
a representation of the sediment transport system founded on the historic 
data and which reproduces this historic data when induced to do so by the 
proper input data. This calibration of the sediment flow system is an 
essential part of model development. The second requirement is to establish 
a system that represents alternative environmental policies by producing 
results consistent with and similar to the historic data. This is accom­
plished by estimating total gross soil loss from all noncropland erosion 
sources for each PA and using this exogenous soil loss to augment the crop­
land sources computed directly in the linear programming model. 
This chapter contains the detailed explanation of how total gross soil 
loss is CCTiputed for estimating the sediment delivery and transport ratios 
113 
used in the model. Then both the sediment transport and delivery ratios 
are computed. Adjusting the land base to reflect the land use condition 
in the year 2000, the total soil loss from exogenous sources Is estimated. 
And finally, soil loss rates are estimated for idle cropland. 
Method of Model Calibration 
Calibration of the sediment transport system is accomplished by using 
data from a base historic period to estimate the sediment delivery and 
transport ratios. The base period selected is 1960-1969. This period is 
used because the best land use data available as a base for computing total 
soil loss is the National Inventory (81) taken in the mld-1960's. This 
data is comprehensive and gives the best subdivision of land by land qual­
ity and erosiveness of any data currently available on a national scale. 
Figure 22 gives the basic elements of the sediment calibration 
procedures. This process has three interrelated parts. First, for the 
base period, estimates are made of the total annual gross soil loss from 
all sources for each of the 105 PA's of the model. These sources vary in 
gross soil loss levels. Unfortunately, the information required to deter­
mine soil loss rates for each land use is not uniform in quality and alter­
nate estimation processes must be substituted. 
After total gross erosion is computed, sediment trapping in interregion­
al flows of water is estimated. The sediment transport ratio is the ratio of 
the instream sediment load entering the PA to the instream sediment load 
leaving the PA less the sediment delivered from within the PA. Mainstream 
structures such as reservoirs, locks, and dams affect the movement of 
sediment in the streams by altering the velocity of the water moving in the 
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Figure 22 . Schematic of the sediment calibration procedure 
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river allowing the suspended sediment to settle out in the pools formed by 
the structures. In many areas, there are no instream structures to sub­
stantially modify the stream flow and the sediment transport ratio is equal 
to one. 
The third step in calibration is to compute the proportion of the 
sediment eroded from the lands of each PA that enters the stream system 
at the point of river outflow from that PA. Since each PA is a river sub-
basin, the development of stream flow patterns is fixed by the development 
of the initial regionalization as specified in Chapter III (Figure 17). 
The sediment delivery ratio is the ratio of the instream sediment load and 
the total gross soil loss computed in step one. The estimates of the sedi­
ment delivery ratios depend on the sediment transport ratios to adjust 
stream sediment loads to account for erosion from upstream PA's as well as 
the inputs of computed total soil loss from step one. 
Total Gross Soil Loss 
The most complex computations of the sediment calibration are those 
required to develop estimates of total gross soil loss. These estimates 
are made for sheet and rill erosion, gully erosion, and channel erosion 
from all sources in each PA. The process illustrated in Figure 23 consists 
of specifying an erosion source, determining its land use and management 
characteristics, and computing the gross soil loss for the source. The 
total gross soil loss is the sum of the soil loss from all sources. 
Erosion originates from two basic sources, cropland and noncropland. 
These two levels of classification divide the problem of erosion into the 
primary concepts of controllable and uncontrollable erosion from the 
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standpoint of agro-environmental policy alternatives. The sheet and rill 
erosion from cropland potentially determines the impact of the hypothesized 
environmental policy alternatives of this model. Erosion from noncropland 
sources is not subject to control in this model and is treated as a fixed 
or exogenous source of soil loss. Figure 20 illustrates the hypothesized 
relationship of cropland and noncropland erosion sources. 
Land use data on the sources of erosion are of two types: inventoried 
and noninventoried. Inventoried lands are the privately-owned lands that 
are surveyed extensively in the National Inventory (81) and classified ac­
cording to Table 11 . These lands are of seven specific types of cropland 
in rotation tillage^, other cropland, pasture lands, range lands, forest 
lands, grazed forest lands, and other lands. These inventoried lands are 
also subdivided as shown in the second column of Table 11. Further 
subclassifications of the inventoried land provide additional information 
on specific land use capability and conservation treatments needed on the 
land. 
Less information is available for the noninventoried for the three 
subclassifications of urban and buildup, federal noncropland, and small 
water areas. Soil loss rates for these classifications are based on the 
rates computed for inventoried land uses. The details of the calculations 
are in the following sections. 
Cropland erosion 
All of the cropland sources of erosion are based on inventoried data. 
For this land use group, base period data is available on acreages in 
^For computing the sediment model coefficients irrigated and dry crop­
lands are combined and are assumed to erode at the same rate. 
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Table 11. Inventoried land use categories of the National Inventory 
Primary Use 
Classification 
Secondary Use 
Classification 
Treatment 
Class if ication 
Cropland in Rotation 
Tillage 
Com and sorghum 
Other row 
Close-grown 
Summer fallow 
Rotation hay and 
pasture 
Hay land 
Conservation 
practices 
Idle 
Treatment adequate 
Treatment needed— 
nonirrigated 
Residue and annual 
cover 
Sod in rotation 
Contouring 
Strip cropping or 
terracing 
Permanent cover 
Drainage 
Treatment needed— 
irrigated 
Cultural and management 
practices 
Improved system 
Water management 
Other Cropland Orchards and 
vineyards 
Other land formerly 
cropped 
Treatment adequate 
Treatment not adequate 
Pasture Land Treatment adequate 
Treatment unfeasible 
Needs change in land use 
Protection and improve­
ment 
Improvement only 
Improvement and brush 
control 
Reestablisument only 
Reestablishent and brush 
control 
Range Land Treatment adequate 
Treatment unfeasible 
Needs change in land use 
Protection and improve­
ment 
Improvement only 
Improvement and brush 
control 
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Table 11. (continued) 
Primary Use 
Classification 
Secondary Use 
Classification 
Treatment 
Classification 
Range Land 
(continued) 
Reestablishment only 
Reestablishment and brush 
control 
Forest Land Commercial 
Noncommercial 
Treatment adequate 
Noncommercial—stand 
establishment or 
reinforcement 
Commercial—stand 
establishment or 
reinforcement 
Commercial—timberstand 
improvement 
Forest Land Grazed Commercial 
Noncommercial 
Forage improvement 
Reduction or elimination 
of grazing 
Other Land On Farms 
Not on Farms 
Treatment adequate 
Treatment not adequate 
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specific cropland uses, acres requiring conservation treatment, and acres 
in specific land capability classes. This subclasslfled acreage data is 
used to compute total soil loss from cropland acres. The procedure is an 
extension of the one used by Nicol (50). 
Total cropland erosion is based on land resources in nine land quality 
classes for each PA as well as the land use inventory. The total acres of 
cropland in each use subclassification and each land quality class is com­
puted in the National Inventory (81). The conservation treatment needs 
data is summed into two groups: treatment adequate and treatment not ade­
quate. These total acreages by subclassification are multiplied by an appro­
priate soil loss rate to give the total soil loss by inventoried cropland 
grouping. 
The Universal Soil Loss Equation (USLE) and data from the Soil 
Conservation Service (SCS) questionnaire^ are used to estimate the soil 
loss rate for each land use. The variables of the USLE are illustrated in 
Figure 23 . Each of these variables are provided as an input from the SCS 
questionnaire data by land quality class. The USLE developed by Wischmeier 
and Smith (113). is 
SL = R-K-L-S-C-P (13) 
where 
SL = tons of soil loss per acre per year. 
The variables on the right side of equation (13) are described individually 
in the following paragraphs. 
Rainfall intensity The rainfall erosive intensity or R-factor is 
a regionally specific variable based on local rainfall conditions. This 
^The data provided in the SCS questionnaire is detailed in Nicol (50). 
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index describes the rainfall conditions of rainfall amount and intensity 
that Initiate the erosive process. For this analysis, the R-factor is in­
variant within a PA and no man-associated activity changes it. The R-f actor 
is determined from the R-factor charts in Wlschmeier and Smith (113). 
Soil erodability The K-factor or soil erodability factor differs 
with each associated land quality class within each PA. This factor is 
determined from the SCS questionnaire. The K-factor expresses some of the 
principal factors of soil structure and composition which make some land 
quality classes more erosive than others. 
Slope of land The S or slope factor determined from the SCS data 
is a measure of the slope gradient of an average acre in a land quality 
class. It is also region and land quality class specific. The slope of 
the land is an important variable in determining the movement of dislodged 
soil from the land. 
Slope length The L-factor is a measure of the length of the slope 
gradient (S-factor) by land quality class and region. For this model, the 
length and slope are for an average acre of each land quality class in each 
PA. The average slope length factor joins the R, K, and L factors in de­
termining a potential erodability by PA and land quality class. All of 
these factors are invariant within a PA and a land quality class. 
Crop management system The use of land in agricultural production 
determines, to a large extent, the impact of the fixed R, K, L, and S vari­
ables. Lands used for hay and not exposed to erosion producing rainfall 
does not loose soil as continuously row-cropped land. In contrast, land 
lying fallow or used year after year in highly cultivated row crops are 
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exposed to rainfall and subsequently higher soil losses. The land use and 
tillage practices of an area determine the levels of erosion expected from 
a given area of land. The management of the land use and conservation de­
cision is one way by which sediment water quality is improved. The SCS 
data provides a set of typical crop management and tillage practices used 
by farmers for each PA- These practices are applied on appropriate land 
quality classes with an average C-factor reflecting these crop and tillage 
management decisions. 
Each rotation or crop management practice is potentially used under 
three levels of tillage technology. These are conventional tillage residue 
removed, conventional tillage residue left, and reduced (or minimum) til­
lage. Therefore, a corn-oats-meadow rotation may be produced using deep 
fall plowing removing the residues of the corn (as silage) and oats for 
livestock feeds, by plowing the residues under (spring plowing) preserving 
soil structure and reducing erosion, or using minimum tillage practices 
like chiseling, also reducing potential soil loss. Each of these variations 
constitutes a separate C-factor under a given crop rotation alternative. 
The choices of crop management (or rotation) and tillage practice are im­
portant decision variables available to reduce soil loss (50, 113). 
Conservation practice Other soil loss management tools are available 
to reduce soil loss by the use of conservation technologies. Four technol­
ogies are available in the model: straight-row cropping, contour cropping, 
contour-strip cropping, and terracing. Using values of the P-factor taken 
from Wischmeier and Smith (113), the conservation treatment or P-factor is 
a function of the slope of the land being treated and the practice chosen. 
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The P-factor values do not vary by PA or by land quality class, but by the 
slope of the land and the conservation practice (113). The P-factor has 
values from 0.0 to 1.0 reflecting the percent decrease in soil loss result­
ing from the various practices. 
Soil loss The soil loss rates for cropland sources are computed 
for use in the calibration of the sediment submodel by using the USLE. The 
ses data fixes the values for the R, K, L, and S-factors for each PA and 
land quality class. These four factors are multiplied together to give a 
single factor, the (RKLS) factor. This factor fixes the erosive potential 
of each land quality class in the PA by setting the average rainfall inten­
sity, average slope, average slope length, and average soil erodability. 
The (RKLS) factor is multiplied by a C-factor, or crop management 
factor and P-factor, or conservation practice factor to obtain a soil loss 
rate for each land use. To compute total soil loss for model calibration, 
the conservation practice factor is equal to one and has no effect on com­
puted erosion. This assumption is made because of a lack of data by PA 
that gives acreages by existing conservation practices. Rather than apply 
a separate P-factor for each type of conservation practice in cropland, the 
cropland use groups are aggregated into two subgroups, lands adequately 
treated to obtain conservation goals and lands are not adequately treated. 
Table 11 gives the treatment classifications from which the two preceding 
classifications are aggregated. 
C-factors for the treatment adequate and treatment not adequate 
classifications are obtained from a representative cropping system chosen 
from the SCS crop management and tillage data for each of the land use 
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subclassifications. This representative cropping systems is as close to 
the inventoried land use category as possible. All representative cropping 
systems specify C-factors for computing soil for each land use in the PA. 
Each cropping system is used in one of the three tillage practices. The 
treatment adequate group is assigned the C-factor designated for the repre­
sentative cropping system under conventional tillage residue left. The 
treatment not adequate group is assigned the C-factor for the representa­
tive crop management system under conventional tillage residue removed. 
These C-factors are used on each land quality class for computing soil loss 
rates for each land use in each PA. 
The soil loss rate for each treatment classification for each land use 
subgroup is the product of the (RKLS)-factor and the selected C-factor. A 
soil loss rate computed for each land quality class in each PA. From these 
rates and land use acreages total soil loss is computed. 
For areas west of the Rocky Mountains, the Universal Soil Loss 
Equation is not applicable. In these regions, soil loss rates are directly 
estimated for the various cropland use groups from the SCS data. These 
rates are applied directly to the relevant land use by land quality class. 
The PA'S considered in the western area are shown in Figure 24 . 
The total cropland erosion is computed by multiplying the average soil 
loss rate by the total number of acres in each classification and summing 
over the crop land use types, treatment need groups, and the land quality 
classes. In equation form, total cropland erosion is defined as 
j ' 
Figure 24. The western producing areas for computing soil loss 
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where 
CL^ = total gross cropland sheet and rill erosion in the ith PA, 
A y .  =  t o t a l  a c r e s  i n  t h e  / t h  l a n d  u s e  t y p e  a n d  t h e  j t h  l a n d  q u a l i t y  
class in the ith PA, 
SL ... = average soil loss per acre from the /th land use, kth treatment 
need group, and the jth land quality class in the ith PA, 
P = proportion of the total land in the /th land use type and the 
^ jth land quality class in the ith PA. 
The indices are: 
i = 1,...,105 for PA'S, 
= cropland use type = 1 = corn and sorghum, 
= 2 = other row crops, 
= 3 = close-grown crops, 
= 4 = summer fallow, 
= 5 = rotation hay and pasture, 
= 6 = hay land, 
= 7 = conservation lands, 
= 8 = idle croplands, 
k = treatment need group = 1 = conservation treatment adequate to 
preserve land productivity, 
= 2 = conservation treatment not adequate 
to preserve land productivity, 
and j = 1,...,9 for land quality classes. 
The soil loss rate of cropland uses is defined for areas east of the 
Rocky Mountains as 
(15) 
where 
(RKLS) . = the base erosion factor for the jth land quality class 
^ in the ith PA, 
and C . = the C-f actor for the representative crop management system 
* on the /th cropland use type and the kth treatment need 
group in the ith PA. 
For lands west of the Rocky Mountains, the soil loss rate is 
^See previous sections for detailed explanation of this variable. 
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where 
SL*.i, . = the soil loss rate for the representative fth cropland use 
^ type, the kth treatment need group and the jth land quality 
class as determined from the SCS data. 
The proportions of the total land in each treatment needs group is 
computed from the National Inventory data as the proportions of the total 
land in each land use type that is adequately treated or not adequately 
treated. These proportions are computed for each soil loss and each PA 
to use as a weight for dividing the total lands into two groups. 
Noncropland erosion 
Â second set of soil loss sources contributes to the total sediment 
load, noncropland sources. Cropland as a major source of soil loss contrib­
utes only a small fraction of the total erosion in some areas. Noncrop­
land erosion is determined by local physical conditions and the land uses 
within each PA just as cropland erosion. Therefore, the same basic pro­
cedure is used to estimate noncropland erosion. 
The land uses in noncropland are varied. However, the two largest 
land uses in the noncropland sector are range and forest. As shown in 
Table 3 in Chapter II, these two land uses occupy large acreages much of 
which is controlled by two federal agencies, the Bureau of Land Management 
(BLM) and the Forest Service (FS). These two classifications constitute 
hundreds of millions of acres primarily in the western states. Erosion 
from these sources is highly significant for water quality planning in 
these areas. 
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Besides range and forest, noncropland acres are used by other federal 
agencies, by urban and buildup uses, by pasture, by farmsteads, by mines, 
and by many other users. These land uses are fixed for the purpose of this 
model. However, most are important contributors to the total sediment 
problem of some areas and the soil loss from these sources are a part of 
computed sediment loads. 
The private lands in noncropland uses are classified as inventoried 
by the National Inventory and the land uses are subclassified by land qual­
ity class, treatment need, and current uses. Noninventeried land uses are 
not subclassified except as federal noncroplands, urban and buildup lands, 
and small water areas by the National Inventory (81). 
The estimation of erosion from the inventoried noncropland sources is 
determined by utilizing the land use information from both the National 
Inventory and the SCS data mentioned in the previous section. Soil loss 
estimates are made for the noninventoried land uses by combining the land 
use data known with the soil loss rates of a similar inventoried source. 
Inventoried sources The inventoried sources of noncroplands are 
shown in the lower part of Table 11 and illustrated in Figure 22. The 
computation of soil loss for these classifications utilizes the USLE. For 
these noncropland sources, the (RKLS)-factor is the same as for cropland 
in each PA for each land quality class. However, the C-factors are deter­
mined by a different process. 
As for cropland sources, the P- or conversion factor, is equal to one 
for all noncropland erosion sources. This assumption does not imply that 
conservation practices are not ultilized on noncroplands, but rather that 
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erosion factors are fully specified by using properly determined C-factors. 
Such a C-factor is more properly called the land management factor than 
the crop management factor. 
The process for cimputing soil loss rates for inventoried noncroplands 
is similar to the one used to determine soil loss rates for cropland. The 
C-factors are estimated using the work of Wischmeier (111, 112). In his 
recent work, Wischmeier extends the concepts of the USLE to include the 
estimation of soil loss rates from noncropland uses like the ones currently 
being considered. These extensions are used to establish C-factors for 
noncropland uses. 
The C-factors are estimated from Table 12 for all use except for forest 
land which are estimated from Table 13. These tables give C-factors based 
on various types of land use. The same values of the C-factors are used 
for each area of the United States to modify the basic erosive factor 
(RKLS). Local land use is the final determinant of which C-factor is ulti­
mately used to calculate the soil loss rate. The tables provide C-factors 
for pasture, range, idle, and forest lands based on the physical conditions 
of land use. The assumed land use condition shown in Table 14 are used for 
assigning a C-factor for each land use and treatment need. Each subdivi­
sion is provided with a set of assumed conditions that describe the land 
use in terms of the vegetative cover data of Tables 12 and 13. This data 
provides C-factors for computing soil loss based on a standardized set of 
national definitions of land use. 
The (RKLS)-factor for each land class and PA is multiplied by the 
selected C-factor for each land use classification. The product is the 
Table 12. Estimated "C" factors for permanent pasture, range, land, and 
idle land^»^ 
Vegetal Canopy 
Line No Type Effective Heighf Percent Cover ^  
Column No. : 2 3 
1 None 
2 
3 Tall weeds 0.5m 25 
4 or short 
5 brush 50 
6 
7 75 
8 
9 Brush or 2m 25 
10 bushes 
11 50 
12 
13 75 
14 
15 Trees 4m 25 
16 
17 50 
18 
19 75 
20 
^ Source (111). 
^All values shown assume: (1) random distribution of mulch or 
vegetation, and (2) mulch of significant depth where credited. 
^Average fall height of waterdrops from canopy to soil surface, 
in meters. 
Percentage of total-area surface that, in a vertical projection, 
would be hidden from view by the canopy. 
®G: cover at surface is grass or compacted duff; 
W; cover at surface is weeds or undecayed residue. 
131 
Mulch or Vegetation at the Ground Surface 
Type® 0 20 40 60 80 95-100 
4 5 6 7 8 9 10 
G .45 .20 .10 .042 .012 .003 
W .45 .24 .15 .091 .043 .011 
G .36 .17 .09 .038 .013 .003 
W .36 .20 .13 .083 .041 .011 
G .26 .13 .07 .035 .012 .003 
W .26 .16 .11 .076 .039 .011 
G .17 .10 .06 .032 .011 .003 
W .17 .12 .09 .068 .038 .011 
G .40 .18 .09 .040 .013 .003 
W .40 .22 .14 .087 .042 .011 
G .34 .16 .085 .038 .012 .003 
W .34 .19 .13 .082 .041 .011 
G .28 .14 .08 .036 .012 .003 
W .28 .17 .12 .078 .040 .011 . 
G .42 .19 .10 .041 .013 .003 
W .42 .23 .14 .089 .042 .011 
G .39 .18 .09 .040 .013 .003 
W .39 .21 .14 .087 .042 .011 
G .36 .17 .09 .039 .013 .003 
W .36 .20 .13 .084 .041 .011 
Table 13. Estimated "C" factors for woodland (111) 
Stand Condition Tree Canopy 
% of Area 
Forest Litter* 
% of Area 
Undergrowth^ "C" Factor 
Well Stocked 100-75 100-90 Managed 
Unmanaged 
.001 
.003-.Oil 
Medium Stocked 75-40 90-75 Managed 
Unmanaged 
.002-.004 
.01-.04 
Poorly Stocked 40-25 < 75 -c 
^Forest litter is assumed to be of substantial depth over the percent of the 
area on which it is credited. 
Undergrowth is defined as shrubs, weeds, grasses, vines, etc., on the surface 
area not protected by forest litter. Usually found under canopy openings. 
Managed - grazing and fires are controlled. 
Unmanaged - stands that are overgrazed or subjected to repeated burning. 
^Estimate C values by taking 0.7 of the appropriate value from Table 3. The 
factor of 0.7 adjusts for the much higher soil organic matter on permanent woodland. 
When selecting values from Table 3, include undergrowth in the appraisals of canopy-
cover percentage and average fall height of waterdrops from canopy. The percentage 
of ground cover by mulch or vegetation at the surface includes grass cover as well 
as forest litter. 
Table 14. Vegetative cover assumptions for noncropland uses 
Land Use Assumptions 
Land Use Treatment Canopy Percent Ground 
Type Group Height Canopy Cover 
Cover Type 
Orchards adequate brush 50 grass 
Orchards not adequate brush 50 weeds 
Open Land adequate none 25 weeds 
Open Land not adequate none 25 weeds 
Pasture adequate tall weeds 75 grass 
Pasture not adequate tall weeds 50 grass 
Range adequate tall weeds 75 grass 
Range not adequate tall weeds 50 grass 
Commercial 
Forest adequate 
Commercial 
Forest not adequate 
Noncommer c ia 1 
Forest adequate 
Noncommercial 
Forest not adequate 
Commercial 
Forest Grazed adequate 
Commercial 
Forest Grazed not adequate 
Noncozzerc ia 1 
Forest Grazed adequate 
Noncommercial 
Forest Grazed not adequate 
Other Land in 
Farms adequate tall weeds 75 grass 
Other Land in 
Farms not adequate tall weeds 50 weeds 
Other Land Not 
in Far=is adequate tall weeds 75 grass 
Other Land Not 
in Farms not adequate tall weeds 50 weeds 
Cover 
60 
20 
20 
20 
95-10 
60 
80 
40 
60 
20 
60 
20 
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Assumptions 
Forest Underground Noncropland 
Stock Management Use 
Index 
9 
10 
11  
12 
Well managed 13 
Poor managed 
Well managed 14 
Poor managed 
Well nonmanaged 15 
Poor nonmanaged 
Well nonmanaged 16 
Poor nonmanaged 
17 
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average soil loss per acre per year for the land use activity under con­
sideration. For areas west of the Rocky Mountains, soil loss rates are 
estimated from data provided by the SCS questionnaire. Once land use is 
established, a C-factor is determined, and a soil loss rate computed, the 
soil loss rates are used the same as for cropland. 
The total soil loss for inventoried noncropland sources is 
18 2 9 
NC^ = 2 1 1 SL_. • A_.,^ . P, (17) 
/=9 k=l j=i ^ifj' Pfkj 
where 
NC. = total gross sheet and rill erosion from inventoried noncrop-
^ land sources in the ith PA, and 
SLi^kj' P^^j are defined as for equation (14). 
The indices are identical except for / which is now for noncropland uses. 
Therefore, I = 9 = orchards and vineyards, 
10 = open land formerly cropped, 
11 = pasture land, 
12 = range land, 
13 — cotuuicrcxal forest land, 
14 = noncommercial forest land, 
15 = grazed commercial forest land, 
16 = grazed noncommercial forest land, 
17 = other land on farms, 
and 18 = other land not on farms. 
The soil loss rate is defined for areas east of the Rocky Mountains 
where 
(RKLS)„ is defined as in equation (15), and 
C'l. = the C-factor for the representative land management systen 
on the Ith noncropland use and the kth treatment need in 
the ith PA as chosen from Tables 12 and 13. 
Vest of the Rocky Mountains the soil loss rate is 
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Slifkj = (19) 
where 
S L * . .  = the soil loss rate for t h e  representative l a n d  u s e  for t h e  
^ /th land use group, the kth treatment need, and the jth 
land quality class in the ith PA as given by the SCS data. 
Noninventoried sources Other noncropland sources from the National 
Inventory are grouped together as the noninventoried sources of federal 
noncroplands, urban and buildup lands, and small water areas. Detailed 
land use and land quality class information is not available for these 
lands. The lack of detailed information, especially in terms of land qual­
ity class eliminates the use of the USLE, directly, in the estimation of 
soil loss rates. Determining information on land quality classes for this 
land is not possible from current data sources. However, some additional 
information can be estimated for particular land uses within each PA. Both 
federal noncroplands and urban and buildup lands are divided into more 
precise land use groups to provide better detail for computing total ero­
sion. Federal lands are divided into three classifications: Bureau of 
Land Management lands. Forest Service lands, and other federal lands. Urban 
and buildup lands are divided into lands in transition and lands in estab­
lished uses because urban lands under construction erode at much higher 
rates than for established uses. The details of the subdividing procedures 
are given in the Appendix. Small water areas do not erode. 
Soil loss rates for noninventoried land uses are computed as average 
soil loss rate from a similar inventoried land use. 
To compute the soil loss rates on noninventoried land uses, the 
following relations are assumed to hold: 
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(1) Bureau of Land Management lands erode at the average rate of 
adequately treated range land in the same PA. 
(2) Forest Service lands erode at the average rate as adequately 
treated noncommercial forest lands in the same PA. 
(3) Other federal lands erode at the average rate of adequately 
treated "other lands not on farms" in the same PA. 
(4) Established urban lands erode at the average rate of adequately 
treated "other lands not on farms" in the same PA. 
(5) Urban lands in transition erode at the average rate of adequately 
treated "open land formerly cropped" in the same PA. 
The total soil loss from noninventoried land sources is the sum of the 
soil loss from each of these land uses. The calculations are summarized 
in equations (20) through (27) which follow. 
Total gross soil loss from noninventoried land use is 
NI^ = FNC^ + UBP^ (20) 
where 
NI. = total gross sheet and rill erosion from noninventoried sources 
^ in the ith PA, 
FNC^ = soil loss from federal noncropland sources in the ith PA, 
and UBP^ = soil loss from urban and buildup sources in the ith PA. 
The Federal noncropland sources are subdivided such that 
FNC. = SB.• BLM^ + SF. • FS. + SO. - OT. (21) 
1 X i 1 i 1 X 
where 
BLM^ = total acres of BLM lands in the ith PA, 
FS^ = total acres of Forest Service land in the ith PA, 
OT^ = total acres of other federal lands in the ith PA, 
SB^ = average soil loss per acre of BLM lands 
" (12). (1),3/^^1,(12) ' 
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SF. = average soil loss per acre of Forest Service lands 
^ 9 
^^i.(14),(l),j/^^i,(14) ' 
SO^ = average soil loss per acre of other federal lands 
^^1.(18) ^i, (18) • (24) 
The index N. = the number of land quality classes that have lands in the 
^ /th land use in the ith PA. 
Similarly, the urban and buildup sources are subdivided, such that 
UBP^ = SE^ UE^ + ST^. UT^ (25) 
where 
UE = total acres of urban and buildup lands under established use 
in the ith PA, 
UT. = total acres of urban and buildup lands in use transition (con­
struction or post-construction) in the ith PA, 
SE, = average soil loss per acre from established urban and buildup 
lands 
9 
V T y 
^"i,(18),l,y^ "i,(18) (26) 
and ST^ = average soil loss per acre from urban and buildup lands in 
transition 
9 
= 2 
j ^^i,(10),l,j^^i,(10) • (27) 
Gully and channel sources As shown in Figure 22 , an additional 
set of sources adds to the total gross soil loss of each PA. These sources 
are called rate sources. This erosion includes soil loss from gullies and 
from stream banks and channels. Neither of these two sources is predictable 
in a quantitative procedure. Therefore, an ad hoc estimation procedure is 
used to estimate the contribution of these sources to total gross soil loss 
in each PA. 
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Several studies are available which indicate the proportions of the 
total erosion in various river basins which comes from sheet and rill, 
gully, and channel and bank sources (20, 79). The data from these sources 
are summarized in Table 15. These proportions are applied for each PA in 
a river basin, and for the purposes of this study, all lands in the PA 
erode according to these assumed proportions. For river basins where this 
data is missing, the rates are assumed to equal those of a nearby river 
basin. 
Gully erosion is estimated as the percent of the total soil loss as 
indicated in Table 15. Since estimates for sheet and rill erosion are avail­
able from the preceding estimates of cropland and noncropland erosion, the 
equation for gully erosion is stated in terms of sheet and rill erosion. 
Total gully erosion in the PA is estimated as 
PG ... 
GE = — SR. (28) 
where 
PG ... = percent of erosion from gullies for the river basin r con-
^ taining the ith PA, 
PS . . = percent erosion from sheet and rill erosion for the river 
^ basin r containing the ith PA, 
SR^ = computed total sheet and rill soil loss for the ith PA 
= CL^ + NC^ + NI^ . 
The estimation of the total channel erosion in the PA is 
PCI , , x  
CE = — \ ' • SR (29) 
^^r(i) 
where 
PC ... = percent of erosion from channels for the river basin r con-
^ taining the ith PA. 
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Table 15. Estimated percentage of total sediment load from source type 
by river basin^ 
River Basin Percent Percent Percent 
Sheet Gully Channel 
and Rill Erosion and Other 
Erosion Erosion 
New England 75 15 10 
Middle Atlantic 75 15 10 
South Atlantic-Gulf 55 45 
Great Lakes 75 15 10 
Ohio River 80 10 10 
Tennessee River 80 10 10 
Upper Mississippi River 90 10 
Lower Mississippi River 
Souris-Red-Rainy 
55 45 
90 10 
Missouri River 70 20 10 
Arkansas-Red-White 77 15 8 
Texas-Gulf 95 5 
Rio Grande 55 45 
Upper Colorado River 55 45 
Lower Colorado River^ 55 45 
Great Basin , 55 45 
Columbia-North Pacific 70 20 10 
California-South Pacific 55 45 
^Source (20, 79). 
Estimated to be the same as the Upper Mississippi Basin, 
^Estimated to be the same as the California-South Pacific Basin, 
'^Estimated to be the same as the Missouri RivéV Basin. 
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Total gully and channel erosion is controllable by agricultural 
cropping practices for this study. Thus, the estimates of gully and chan­
nel losses are added to total soil loss from inventoried and noninventoried 
sources to give total erosion. 
Total gross soil loss Total gross erosion for each PA is the sum 
of all sources, inventoried and noninventoried. Total gross erosion repre­
sents the gross soil loss that is initially displaced in an average year 
according to the land uses specified in the National Inventory (81). This 
total gross soil loss is represented by 
TS. = CL. + NC. + NI. + GE. + CE. (30") 
where 
CL^ = soil loss from inventoried cropland sources in the ith PA, 
NC^ = soil loss from inventoried noncropland sources in the ith PA, 
NI. = soil loss from noninventoried sources in the ith PA, 
1 
m? z 1 S ^  «a ^ "DA 
CE^ = soil loss from channel erosion in the ith PA, 
and TSj^ = total gross soil loss in the ith PA. 
This total is used to compute the delivery ratios used in the sediment 
transport system of the model. 
Sediment Transport Ratios 
The sediment transport ratios are the aggregate transport efficiency 
of each stream reach which has inflow from upstream regions and outflows to 
other regions or to the ocean. This aggregate ratio represents the effects 
of the stream reach as a whole on the interregional flows of sediment. The 
effects of the individual main stem structures are aggregated to give a 
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single transport ratio for the region. Estimation procedures for the sedi­
ment transport ratios are outlined below. 
A basic assumption is made concerning sediment delivery and transport 
and the processes of geomorphological evolution of water courses which di­
rectly affect the operation of this model. It is assumed that for all 
regions there is neither geological agradation or degradation. That is, 
in the long run, sediment deposited in agrading processes are offset by 
sediments removed in degrading processes. Consequently, the rivers repre­
sented by the PA definitions are in geologic equilbrium after the adjust­
ments to changes resulting from new environmental policies have taken place. 
This type of adjustment process is consistent with the assumption of the 
economic model which also moves to a state of economic equilibrium in the 
year 2000 after the changes have taken place. This assumption facilitates 
the analysis of the major goal of this study which is to look at the long 
run aggregate impacts of national water quality policy on the agricultural 
production system. Hence, one can ignore the pertubations in geo-
morphology that normally occur over geological periods and concentrate on 
the changes which occur under hypothesized alternative water quality poli­
cies. Sediment transport, therefore, is considered a single period event. 
United States Geological Water Supply Paper No. 1838 provides most of 
the locations of the major reservoirs in the United States (39). Supple­
mentary data is required for newer reservoirs and the locks and dams of the 
national waterbome transport system (44, 57, 66, 68, 75, 76, 77). 
The indentification of storage structures, the assignment of a reservoir 
storage capacity, and the drainage area contributing to the 
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reservoir are the variables required to compute the trapping efficiency of 
each reservoir. The trapping efficiency Is computed using an equation de­
veloped by Brune In 1950 (10). The trapping efficiency of a reservoir Is 
defined as the proportion of sediment flowing Into a reservoir that Is 
trapped. This trapping varies by reservoir size and drainage area and is 
proportional to the holding time of water in the reservoir. 
The trapping efficiency is computed as 
TEj = (1 + .1 • DUj/DAj)"" (31) 
where 
TEj = the trapping efficiency of the jth reservoir, 
DUj = the storage capacity in acre-feet of water of the jth reseirvoir, 
and DÀ = the drainage area above the jth reservoir in square miles. 
J 
Table 16 gives the storage capacity, drainage area, and computed 
trapping efficiency of each mainstream water storage structure. Structures 
for which data is inadequate to compute the trapping efficiency are assigned 
a low trapping efficiency of five percent, since most structures for which 
data Is not available are small or are locks and dams on major rivers which 
have low trap efficiency. 
The development of trap efficiencies for individual reservoirs does 
not determine the sediment transport of a PA. An aggregation and transfor­
mation of trapping efficiencies is required to determine the PA's sediment 
transport ratios. This Is done by the following equation 
T^ = (1 - TEJ) (32) 
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Table 16. Reservoir capacities, drainage areas, and sediment trapping 
efficiencies for mainstream reservoirs, lakes, and locks and 
dams used in computing sediment transport ratios 
PA 
31 
34 
38 
40 
41 
Reservoir Capacity Drainage Area Sediment 
(AC-FT) (SQ-MI) Trapping 
Efficiency 
Emsworth .05 
Dashields .05 
Montgomery Is. .05 
Pike Is. .05 
Hannibal .05 
Willow Is. .05 
Belleville .05 
Racene .05 
Gallipolis .05 
Greenup .05 
Cpt. Ant. Meldahl .05 
Markland .05 
McAlpine .05 
Cannelton .05 
Newburgh .05 
Uniontown .05 
Smithland .05 
Mound City .05 
Hales Bar 147,700 21,790 .404 
Nickajack 
.05 
Wilson 650,000 30,750 .679 
Joe Wheeler 1,150,400 29,590 .795 
Guntherville 1,018,700 24,450 .806 
Pickwick Land 1,091,400 32,820 .769 
Kentucky 6,002,600 40,200 .937 
Lock & Dam #3 
#4 
.05 
.05 
#5A 30,000 59,100 .048 
#6 .05 
#7 .05 
#8 .05 
#9 .05 
Lock & Dam #10 .05 
#11 171,684 81,600 .174 
#12 .05 
#13 1,380,000 .05 
#14 .05 
#15 39,432 88,500 .043 
#16 113,370 99,400 .102 
#17 70,800 99,600 .066 
#18 .05 
#19 337,000 119,000 .221 
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Table 16. (continued) 
PA Reservoir Capacity Drainage Area Sediment 
(AC-FT) (SQ-MI) Trapping 
Efficiency 
42 Lock & Dam #20 89,850 134,300 .063 
#21 78,040 135,000 .055 
#22 93,858 137,500 .064 
#23 .05 
#24 .05 
#25 180,000 142,000 .112 
#26 395,000 171,470 .187 
43 Lock & Dam #27 .05 
50 Fort Peck 19,410,000 57,500 .971 
52 Garrison 24,800,000 181,000 .932 
Oahe 23,630,000 243,500 .907 
Big Bend 1,900,000 249,330 .432 
Fort Randall 6,093,000 263,500 .698 
53 Gavins point 541,300 279,500 .162 
63 Keystone 1,879,000 74,506 .716 
Kaw .05 
64 Weber Falls 165,200 97,033 .145 
Lock & Dam #16 .05 
#15 (Kerr) 493,600 147,756 .250 
#14 .05 
#13 .05 
#12 (Ozark) 148,400 151,820 .089 
#11 486,000 153,703 .240 
#10 .05 
#11 .05 
#9 .05 
#8 .05 
#7 .05 
#6 .05 
#5 .05 
#4 .05 
#3 .05 
#2 .05 
#1 .05 
66 Eufaula 3,848,000 47,520 .890 
68 Lake Texoma 5,530,300 39,719 .933 
73 Possum Kingdom 724,700 22,550 .763 
De Cordova Bend .05 
Whitney 2,017,500 26,170 .885 
75 Robert Lee .05 
Buchannan 992,200 31,250 .760 
Inks 17,700 31,290 .054 
Lyndon B. Johnson 145,200 36,290 .286 
Marble Falls 8,760 36,325 .024 
Travis 1,950,000 38,130 .836 
Austin 21,000 38,240 .052 
Thomas 203,600 3,524 .852 
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Table 16. (continued) 
PA Reservoir Capacity 
(AC-FT) 
Drainage Area 
(SQ-MI) 
Sediment 
Trapping 
Efficiency 
78 Elephant Butte 2,195,000 29,445 .882 
Caballo 344,000 30,700 .101 
79 Amistad 5,325,000 123,134 .812 
81 Falcon 3,280,700 164,482 .666 
84 Glenn Canyon 27,000,000 107,700 .962 
86 Hoover Dam 29,827,000 167,800 .947 
Davis Dam 1,818,300 169,300 .518 
Parker Dam 619,400 178,800 .257 
Imperial Dam 85,000 187,000 .043 
Laguna Dam .05 
Morelos Dam .05 
93 Grand Covlee 9,562,000 74,100 .928 
Chief Joseph 518,000 75,000 .409 
Wells .05 
Rocky Reach 101,400 88,500 .103 
Rock Island 8,600 89,600 .010 
Wanapum 669,700 95,000 .413 
Preist Rapids 198,700 95,500 .172 
McNary 1,350,000 214,000 .387 
John Day 500,000 .05 
The Dalles 332,500 237,000 .123 
Bonneville 719,000 240,000 .231 
95 Lower Grande .05 
Little Goose .05 
Lower Monumental 376,000 .05 
.05 
Ox Bow 52,500 73,150 .067 
Brownlee 1,426,700 72,590 .663 
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where 
TEj = the trap efficiency of the jth reservoir in the ith PA 
and = the sediment transport ratio of the ith PA. 
This product compounds the effect of each reservoir as sediment moves down­
stream. The trapping efficiencies of each PA are shown in Table 10 of 
Chapter III. 
For the policy analyses of this report, the sediment transport ratios 
do not change for policy variations. 
Development of Delivery Ratios 
Some part of the total gross soil loss occurring within each PA moves 
from the lands in the PA to the point of stream outflow from the PA. This 
proportion or delivery ratio is the average proportion of the gross soil 
loss from all lands in each PA, that is delivery from the PA to the river 
system. Two data inputs are required to develop these ratios: the average 
annual total gross erosion from all lands and the average sediment load 
measured at the point of stream flow from the PA. The measured sediment 
loads are adjusted for the amount of sediment transported through each PA, 
since the sediment transport variables cannot be calibrated without consid­
ering sediment delivery and transport simultaneously. For some PA's the 
sediment load data required to accurately compute the delivery ratios are 
not available. For these cases, the missing sediment delivery ratios are 
estimated by using values computed for nearby regions. 
The concept of sediment delivery is not new. Engineers have used 
sediment delivery ratios for years to estimate sediment storage 
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requirements for reservoir construction and watershed planning. Several 
procedures have been used to compute delivery ratios for small watersheds 
by using variables collected from each watershed. For example, Roehl gives 
an equation for computing sediment delivery ratios based on the drainage 
area of the watershed (55). However, Roehl's equation is not applicable 
for watersheds with more than 100 square miles of drainage area. Other 
similar procedures are used by the United States Corps of Engineers, the 
Soil Conservation Service, and the Bureau of Reclamation (79). 
The previously established procedures do not provide an easy method 
for computing delivery ratios for the large subriver basins that comprise 
the PA'S of the model. Therefore, an alternative method of computing de­
livery ratios from existing river basin data is used. Although this method 
is time consuming, the results are rewarding since substantial variation 
is observed between delivery ratios computed by standardly available pro­
cedures and the ones used in this analysis. This variation is due priciarily 
to application of standard procedures to areas larger than those for which 
the procedures are designed. 
The sediment delivery ratios are computed as 
i 
where 
= the delivery ratio of the ith PA, 
S. = the measured sediment load at the point of stream outflow from 
^ the ith PA, 
^An important workshop in November 1972, explored many of the procedures 
used to compute sediment delivery ratios and yields (79). 
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Table 17. Producing area descriptions, sediment load data sources and 
sediment loads. 
Producing 
Area 
Subbasln 
Description 
Data 
Source 
Subbasln 
Sediment 
Load 
Producing Area 
Sediment Load 
31 
Passamaquoddy Bay to 
Penobscott Bay 
Cape Cod to New York -
Connecticut State Line 
New York-Connecticut State 
Line to Cape May 
Delaware Rv 
Susquehana Rv 
Potomac Rv 
Cape Henry to Neuse Rv 
"Pee Dee Rv® 
Edisto Rv 
.Yadkin Rv 
Ogeechee Rv 
II O' LAC .V to Caps Kennedy 
Peace Rv to New Rv 
Cape Kennedy to Cape Sable 
Cape Sable to Alligator Ck 
Apalachicola Rv 
Eetappock to Perdldo Rv labama Rv 
Tombigbee Rv 
Pascagoula Rv to Pearl Rv 
Ohio Rv at Cincinnati 
,c 
.b 
.d 
.b 
.c 
.b 
.b 
.b 
.b 
.d 
.b 
.b 
.b 
.b 
.b 
.b 
.b 
b 
.b 
.b 
. c 
f 
(000 tons) (000 tons) 
460 
442 
21 
808 
62 
640 
134 
37 
1000 
2528 
1300 
1070 
998 
1953 
786 
1500 
1271 
400 
171 
390 
3528 
2454 
2500 
15000 
area. 
^Right bracket indicates that the enclosed PA's calibrated as one 
"source: (15). 
'^ot available. 
'^Source: (33). 
e 
Left brackets indicated subbasins summed to give PA total. 
^Source; (24). 
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Table 17. (continued) 
Producing 
Area 
Subbasln 
Description 
Data 
Source 
Subbasin 
Sediment 
Load 
Producing Area 
Sediment Load 
Ohio Rv at Paducah 
Tennessee Rv at Paducah 
Mississippi at Wabasha 
Mississippi at Clayton 
Mississippi at Hannibal 
Mississippi at Alton 
Mississippi at St. Louis 
Mississippi at Arkansas City 
Mississippi at Red Rv Landing 
Mississippi Rv Basin Total 
Red Rv at Lockport, Canada 
Missouri Rv at Culbertson 
Missouri Rv at Virgelle 
Missouri Rv at Wolfpoint 
Yellowstone Rv at Sidney 
Missouri Rv at Yankton 
Missouri Rv at Sioux City 
Platte Rv at Louisville 
Missouri Rv at St. Joseph 
Kansas Rv at Bonner Sp. 
Missouri Rv at Nermam 
White Rv at Clarendon 
Arkansas Rv at Tulsa 
Arkansas Rv at Little Rock 
^Source: (57 ) . 
h. 
_c 
- 8  
_c 
-g 
_h 
_h 
_h 
_c 
_i 
_b 
>f 
_j 
-j 
-j 
-j 
-j 
-j 
-j 
-j 
-J 
-g 
.k 
-k 
58,800 
18,400 
226 
3,247 
24,851 
181,000 
226,665 
244,900 
344,000 
1,770 
4,396-
3,408 
2,539 
23,793 
1,043 
1,487 
16,824 
56,320 
18,320 
20,380 
11,000 
7,563 
10,995 
Source: ( 69 ). 
^Source: personal communication U.S. Army Corps of Engineers 
Personnel, Vicksburg, Mississippi, and (71) and (74). 
^Sources: (72) and (73). 
Source: (102). 
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Table 17. (continued) 
Producing Subbasin Data Subbasin Producing Area 
Area Description Source Sediment Sediment Load 
Load 
65 Canadian Rv at Amarillo k 186 
66 Canadian Rv at Whitefield "k 186 
Red Rv at Denison _k 3,413 
69 Red Rv at Alexandria k 10,191 
70 Sabine Rv "k 
71 Trinity Rv at Romayor ~k 1,398 
72 Brazos Rv at Aspermont "k 196 
73 Brazos Rv at Richmond > 13,670 
74 Beals Ck at Big Springs c 
75 Colorado Rv at Bay City _b 2,096 
76 'Guadalupe Rv 
San Antonio Rv _k 855 
LNeuces Rv 
77 Rio Grande _c 
78 Rio Grande near Ft. Quitman _k 103 
79 Pecos Rv near Shumla 3,292 
80 Pecos Rv near Red Bluff _k 620 
81 Rio Grande at Lower Brownsville k 275 
82 Green Rv at Green Rv _k 13,013 
83 Colorado Rv at Cisco _k 8,315 
84 Colorado Rv at Lee's Ferry _k 31,655 
85 Little Colorado Rv at Cameron _k 10,364 
86 Colorado Rv at San Luis _k 3,700 
87 Gila Rv below Gillespie Dam _k 97 
88-91 
92-94 Columbia Rv 
— C 
-C 
95 Snake Rv at Central Ferry 13,100 
96 Columbia Rv at Portland _b 3,300 
97 Seattle Area _b 4,270 
98 (Closed basin) _c 
99 Klamath Rv at Klamath _b 34,667 
100 Sacramento Rv at Sacramento _b 2,877 
101 San Joaquin Rv at Vemalis _b 386 
102 San Francisco Bay Area _b 3,585 
103 Salinas Rv at Spreckles _b 3,660 
104 South California _b 805 
105 c 
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= the sediment transport ratio through the ith PA, 
S. . = the measured sediment load at the point of stream outflow from 
' the /th PA that flows into the ith PA, 
and TS^ = the total gross soil loss of the ith PA, 
The summation is over the set of PA's flowing into the ith PA. If there 
are no upstream PA's flowing into the ith PA, then the set, / , is empty and 
the sediment transport ratio, is equal to zero. 
Table 17 gives the measured stream sediment load for each PA and the 
data sources used to obtain these values. In several cases, data for the 
base years is not available for the PA. In these cases, data is chosen 
for a period as near the base period as possible. 
The method of computing the sediment delivery ratios shown in equation 
(33) is further illustrated in Table 18. The sediment transport ratios 
are shown in column 3 of Table 18. Column 4 is the total sediment load 
measured at the points of stream inflow into each PA. The upstream sedi­
ment load is multiplied by the sediment transport ratio to give the portion 
of the sediment outflow that is transported to downstream PA's. The sedi­
ment load transported from upstream sources is then subtracted from the 
sediment outflow from the PA to given an adjusted sediment load delivered 
from the PA. The adjusted sediment load is the proportion of the total load 
historically contributed from sources within the PA. Finally, the adjusted 
sediment load is divided by the computed total gross erosion in the PA to 
give an estimated delivery ratio. 
Several sediment loads are missing from the delivery ratio computation 
table because sediment movement data are not available for some areas of 
the cottntry. This is particularly true in the Ohio River Basin where few 
Table 18. Computation table for sediment delivery ratios by producing area. 
Adjusted Total 
Sediment Sediment Sediment Sediment sediment gross Computed 
Producing transport inflow transported outflow load erosion delivery 
River Basin area ratio [000 tons) (000 tons) (000 tons) (000 tons) (000 tons) ratio 
New England r 
% 
a 460 460 29,013 .016 
3 
4 1,300 1,300 31,913 .041 
I 
6 _b 12,698 .04= 
Middle 
Atlantic 71 
al 1.0 1,070 1,070 1,070 1,070 42,484 .025 
9 998 998 79,993 .012 
10 1,953 1,953 121,684 .016 
11 _b 105,850 .01^: 
12 786 786 102,259 .008 
South 
Atlantic 13 1,500 1,500 252,376 .006 
- Gulf 14 1,271 1,271 276,390 .005 
15 702 702 189,167 .004 
16 400 400 118,857 .003 
17 171 171 85,441 .003 
18 390 390 172,963 .002 
19 3,528 3,528 222,070 .016 
20 2,454 2,454 126,228 .019 
21 2,500 2,500 216,845 012 
^Ight bracket Indicates that the Producing Area are calibrated as one area, each PA Is assigned 
the computed delivery ratio. 
^Not available. 
^Value assumed from computed value of nearby PA. 
Table 18. (continued) 
Adjusted Total 
Sediment Sediment Sediment Sediment sediment gross Computed 
Producing transport inflow transported outflow load erosion delivery 
River basin area ratio (000 tons) (000 tons) (000 tons) (000 tons) (000 tons) ratio 
Great Lakes 22 _b 17,085 .03^ 
23 -b 36,767 .03^ 
24 _b 44,313 .03^ 
25 _b 80,443 •03^ 
26 b 17,953 .03^ 
27 _b 51,055 .03^ 
28 _b 23,935 .03® 
29 _b 39,002 .03® 
Ohio 30 _b 1,834^ 61,138 .03® 
31 .513 8,285® 4,250® 15,000 10,750® 167,435 .064® 
32 _b 3,625^ 120,841 .03^ 
33 _-b 2,826 94,214 .03® 
34 .735 15,000 11,025 58,800 47,775® 257,797 .185® 
35 b 6,839^ 227,984 .03® 
36 lb 1,336^^ 133,647 .01® 
Tennessee 37 b 2,108*^ 210,871 .01® 
38 .01 2,108® 21® 18,400 18,379® 137,594 .134® 
Upper 
Mississippi 39 226 226 172,153 .001 
40 .70 226 158 3,247 3,088 134,822 .028 
41 .40 3,247 1,299 24,552 23,552 484,886 .049 
42 .54 24,851 13,419 _b 255,059 .05® 
43 .95 181,000 128,953 .05^ 
*^Computed from assumed delivery ratio, 
^Computed based on assumed delivery ratio. 
River 
Basin 
Producing 
area 
Sediment 
transport 
ratio 
Sediment 
Inflow 
(000 tons) 
Sediment 
transported 
(000 tons) 
Sediment 
outflow 
(000 tons) 
Adjusted 
sediment 
load 
(000 tons) 
Total 
gross 
erosion 
(000 tons) 
Computed 
delivery 
ratio 
Lower 
Mississippi 
44 
45 
46 
1.0 
1.0 
1.0 
207,575® 
226,665 
255,091 
207,575® 
226,665 
255,091 
226,665 
244,900 
344,000 
19,090 
18,235 
88,909 
445,402 
517,496 
208,131 
.043® 
.035 
.258 
Sourls-Red 
Rainy 47 1,770 1,770 122,629 .014 
Missouri 48 
49 
50 
51 
52 
53 
541 
1.0 
.03 
.01 
2,539 
3,408 
23,793 
2,539 
103 
238 
4,396 
3,408 
2,539 
23,793 
1,043 
1,487 
2,297 
3,408 
2,436 
23,793 
805 
1,487 
28,908 
46,083 
15,147 
73,926 
296,606 
225,298 
.079 
.074 
.161 
.322 
.003 
.007 
55 
56 
57 
1.0 
1.0 
1.0 19,354 19,354 
16,824 
56,168 
16,824 
36,814 
105,954 
327,592 
.032 
.112 
: 
60 
1.0 
1.0 74,480 74,480 
18,320 
20,380 
18,320 
54,100 
494,242 
485,926 
.037 
.111 
Arkansas-
White-Red 
61 
62 
63 
64 
65 
66 
67 
68 
69 
.27 
.23 
.11 
.07 
1.0 
1,004® 
9,524 
186 
101® 
3,413 
271® 
2,191 
19 
7® 
3,413 
11,000. 
1,004* 
7,563 
10,995 
186 
1,961 
3,413 
10,191 
11,000 
1,004 
7,292® 
8,804 
186 
3,406® 
6,778 
147,817 
33,458 
308,702 
275,180 
43,534 
89,893 
10,074 
17,258 
12,158 
.074 
.03 e 
.024 
.032 
.004 
.022 
.01=e 
.019 
.053 
Table 18. (continued) 
River basin 
Producing 
area 
Sediment 
transport 
ratio 
Sediment 
inflow 
(000 tons) 
Sediment 
transported 
(000 tons) 
Sediment 
outflow 
(000 tons) 
Adjusted 
sediment 
load 
(000 tons) 
Total 
gross 
erosion 
(000 tons) 
Computed 
delivery 
ratio 
Texas-Gulf 70 
71 
72 
73 
74 
75 
76 
.03 
.01 
196 
17® 
6 
0 
523 
1,398 
196 
13,670. 
17* 
2,096 
855 
523 
1,398 
196 
13,664 
2,096® 
855 
80,498 
118,106 
28,883 
169,320 
16,843 
114,842 
103,145 
.006 
.112 
.007 
.081 
.001^ 
.018® 
.008 
Rio Grande 77 
78 
79 
80 
81 
.11 
.19 
.33 
384® 
103 
620 
42 
20 
205 
384^ 
103 
3,292 
620 
275 
384 
61® 
3,272 
620 
70 
38,416 
213,809 
55,017 
28,096 
49.050 
.01^ 
.001® 
.059 
.022. 
.001^ 
Upper 
Colorado 82 
83 
84 .04 8.315 332 
13,018 
8,315 
31.655 
13,018 
8,315 
31.322 
204,829 
144,144 
147.090 
.064 
.058 
.213 
Lower 
Colorado 85 
86 
87 
.02 10,364 207 
10,364 
3,700 
97 
10,364 
3,493 
97 
135,314 
153,572 
133,637 
.077 
.023, 
.001 
Great Basin 88 
89 
90 
91 
_b 
b 
~b 
"b 
78,801 
93,363 
246,473 
102,285 1 
^Minimum delivery ratio of .001 assigned. 
Table 18. (continued) 
Adjusted Total 
Sediment Sediment: Sediment Sediment sediment gross Computed 
Producing transport inflow transported outflow load erosion delivery 
River basin area ratio (000 ton») (000 tons) (000 tons) (000 tons) (000 tons) ratio 
Columbia -
N. Pâcific 92 -b 1,190* 119,078 .01^ 
93 .01 14,290'' 1,429® 10,897 9,468® 219,486 .043® 
94 21,941* 219,412 .Oic 
95 .256 21,941^' 5,617^ 13,100 7,483® 132,019 .057® 
96 1.0 10,897 10,897 3,300 7,597 111,954 .068 
97 4,270 4,270 _b .01 
98 -b 78.569 .01 
California -
S. Pacific 99 34,667 34,667 91,719 .378 
100 2,877 2,877 139,280 .021 
101 386 386 146,116 .003 
102 1.0 3,263 3,263 3,585 322 18,048 .018 
103 3,660 3,660 34,219 .107 
104 805 805 152,808 .005 
105 _b 60,405 .01*^ 
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sediment gauging stations exist. In many other areas, continuous measure­
ment of suspended sediment loads is inconsistent with local conditions. 
For example, in the Great Basin, Texas High Plains, and other areas of the 
Southwest consistently flowing streams do not exist. The Great Lakes area, 
on the other hand, consists of many small unguaged streams, too numerous to 
be supplied with a guage. Measuring sediment loads under either of 
these conditions costs more than the potential benefits obtained from the 
data collected, therefore, stream sediment loads are not measured and sedi­
ment delivery ratios are estimated from data of nearby regions. In some 
cases, the estimated ratios are simply guesses, however, these estimates 
are used for analysis until additional or better data become available. 
A minimum delivery ratio of .001 is established for use in this model, 
recognizing that the accuracy of the data does not allow the computation of 
numbers of a smaller magnitude. 
The ratios used in this model were tested prior to application in the 
complete linear programming model to verify the consistency of flows and 
the distribution of sediments under assuned conditions. This verification 
process gives a successful appraisal of the sediment transport and delivery 
system as is shown by the full model results of Chapter V. 
Soil Loss from Exogenous Sources 
In the policy analyses considered by this study, total soil loss from 
noncropland sources is fixed. This fixed or exogenous soil loss is esti­
mated and used as an input to the sediment transport system of the model. 
^Personal telephone communication with personnel in the Cincinnati 
District Office, United States Corps of Engineers. 
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In equation (10) of Chapter III, the variable s* describes the total 
gross soil loss from exogenous or noncropland sources. The procedures 
described in previous sections give the tools for computing total exogenous 
soil loss. 
The total exogenous soil loss is defined as 
s*^ = EC'^ + NC'^ + NI'^ + GE'^ + CE*^ (34) 
where 
s*. = total exogenous soil loss in the ith PA, 
EC'. = exogenous cropland gross soil loss in the ith PA, 
NC' = inventoried noncropland exogenous gross soil loss in the ith FA, 
NI', = noninventoried exogenous gross soil loss in the ith PA, 
GE*. = exogenous gully erosion in the ith PA, 
and CE' = exogenous channel erosion in the ith PA. 
The individual components of equation (34) are analogous to those in 
previous sections. The critical differences between the total exogenous 
soil loss and the total soil loss used to compute the delivery ratios are 
changes in areas occupying each land use. The land base for computing exog­
enous erosion is adjusted to show the changes in land use between 1967 and 
the year 2000. The expanded population in 2000 requires more land for non-
agricultural uses. Acreages of croplands7~range, pasture, and forest are 
reduced and the total acreage in urban and buildup and similar uses increase. 
The endogenous croplands of the data base are adjusted for the expanded 
demand for the crops designated as exogenous to the model. These land use 
adjustments are discussed in the section on the OBERS-E' land base of 
Chapter III. For purposes of determining exogenous erosion, these estimates 
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of the 2000 land base are used to categorize and estimate soil losses from 
exogenous land uses. The inventoried noncropland uses for 2000 are summed 
into eight separate land use totals including exogenous cropland, hay land, 
pasture land, range land, forest land, grazed forest land, other land on 
farms, and other land not on farms. Each of these land use groups is ad­
justed for changes in the total available for the year 2000. 
The total exogenous soil loss for each PA is determined by equation 
(34) using a procedure similar to equation (30) and the 2000 land base. 
The individual components of equation (34) are estimated in the following 
sections. 
Exogenous cropland 
Exogenous cropland is that land required to produce crops not included 
in the endogenous sector of the model. The soil loss from these sources 
ccsprises a sizeable portion of the total exogenous soil loss in some FA's. 
Soil loss from exogenous croplands are computed as a single land use cate-
tory assuming the soil loss rate to be the soil loss rate of an average acre 
of exogenous cropland use. The total soil loss from exogenous cropland is 
^ ^ c .E _c 
EC', = % 2 SL A • 
k=l 1=1 
^ (35) 
j 
where the indices i, j, and k are defined as in equation (L4 ) and 
Slf... = average soil loss rate for cropland for the kth treatment 
g ^ type on the jth land quality class in the ith PA, 
A . = total acres of exogenous cropland on the jth land quality 
^ class in the ith PA, 
and . = proportion of croplands in kth treatment group in the jth 
^ ^  land quality class in the ith PA. 
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The average soil loss rate is computed as the rate of a row crop production 
system such that for areas east of the Rocky Mountains 
. (ms)y . c\. (36) 
where 
= the C-factor for the kth treatment group on a representative 
row crop production plan; for k=l, conventional tillage residue 
left is used for the representative management system; for 
k=2, the C-factor is for continuous com under conventional 
tillage residue removed, 
and (RKLS)is defined as in previous sections. 
For areas west of the Rocky Mountains, is estimated from the 
ses data. 
Noncropland inventoried sources 
Erosion estimates made for the remaining seven inventoried noncropland 
sources are also analogous to previous sections and equation (17). There­
fore, noncropland erosion in the ith PA is 
where 
SL'. , . = average soil loss rate for the mth noncropland use group 
^ ^ for the kth treatment class on the jth land quality class 
in the ith PA, 
A'. . = total acres in the mth noncropland use group for the kth 
treatment class in the ith PA, 
and P'. , . = the proportion of the mth noncropland use group that is in 
™ ^  the kth treatment class for the jth land quality class in 
the ith PA. 
The soil loss rates for the m noncropland use groups are computed as 
SL*. , . = (RKLS)... C , (38) 
imk] 1] mk 
where (RKLS)^^ is given in previous equations and 
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C' . " the C-factor for the mth land use group in the kth treatment 
™ need group, chosen from Tables 12 and 13 according to Table 14, 
m = noncropland use type, 
= 2 = hay land, 
= 3 = range land, 
= 4 = pasture land, 
= 5 = forest land, 
= 6 = grazed forest land, 
= 7 = other lands on farms, 
= 8 = other lands not on farms, 
and j, k, and i are defined as in equation (14). 
In areas west of the Rocky Mountains, SL'. . . is estimated from soil 
imkj 
loss levels given by the SCS questionnaire. 
Noninventoried sources 
Definitions for noninventoried sources show only small change from 
equations (20) to (27), since it is assumed the expansion of nonagricultural 
land uses are drawn from inventoried lands . The soil loss estimating 
method for federal noncroplands is identical to equation (21). The compo­
sition of federal noncroplands does not change and the soil loss rates for 
these lands change only where the average rates of the similar uses also 
change. The estimate for urban and buildup soil loss is increased by the 
estimate increase in this land use to the year 2000. The procedure de­
scribed in the Appendix is used to partition urban and buildup lands such 
that the total soil loss from these sources is 
UBP'^ = SE^y UE'^ + ST^" UT'^ (39) 
where SE^ and ST^ are defined in equation (25), 
UE% = total acres of urban and buildup lands established in the year 
^ 2000, 
UT'. = total acres of urban and buildup lands in transition in the 
year 2000, 
and UBP'^ = total soil loss from urban and buildup sources in the year 2000. 
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The total noninventoried sources are computed by equation (40) or 
NI'^ = FNC'^ + UBP'^ . (40) 
Gully and channel erosion 
Gully and channel erosion for the year 2000 is estimated by equations 
(28) and (29)• The only revision that is made in the procedure is that 
SR^ is estimated using year 2000 land use and soil loss estimates. The 
total soil loss used to compute gully and channel erosion is 
SR'. = CL', + NC . + NI'. (41) 
1 i 1 X 
where all of the components have been previously defined except for CL'^. 
For the cropland component of total erosion for estimating gully and 
channel erosion in the year 2000, total soil loss is estimated as 
where 
. = total estimated cropland in the kth treatment group for the 
jth land quality class in the ith PA, 
and . and are as defined for equation (35). 
xNj ikj 
This equation groups all croplands together since specific cropland 
use is not estimated a^ priori. Soil loss estimates are made for one crop­
land category for the assumed land use of row crops, both adequately and 
not adequately treated. 
Erosion from Idle Cropland 
Since all lands are potential erosion sources including croplands not 
required for agricultural production, idle cropland or slack land as 
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computed by the linear programming model also erode. For the purposes of 
this model, these lands are estimated to erode at the same rate as "land 
in conservation use" not adequately treated in the same land quality class 
in the same PA as computed by equation (14). This soil loss rate assumes 
that idle land is completely unused, and is subject to higher than average 
soil loss rates. 
The soil loss rates for idle land are applied on each acre of unused 
cropland by a land use activity (slack activity) in the linear programming 
model that uses one acre of land and produces soil loss as a residual for 
each land class in each PA. No other commodities are produced or consumed 
by this costless activity. This slack activity, when combined with a re­
quirement that all cropland in each PA (by land class) be used as either 
cropland or slack, forces idle land to be a soil loss source. 
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CHAPTER V. ANALYSIS OF ALTERNATIVES IN LIMITING 
EXTERNAL EFFECTS OF CROPLAND EROSION 
The analysis of the model developed in this study is a comparison of 
the results of five linear programming solutions, each with a different 
level or type of restraint representing a sediment control policy or goal. 
The sediment controls are simulated to provide a mechanism for examining 
the trade-offs between the alternatives in environmental policy and the 
effects of these trade-offs on national agricultural production. For 
each policy alternative uniformity of the control is maintained at the 
national level. The water quality policy alternatives are not placed on 
single regions since the goals being examined are national in nature. 
Although the impacts of these national policies or goals vary by region, 
policy directives are pointed toward agriculture, not the erosion sources 
unaffected by a restrained cropland agricultural sector. Application of 
this model at the single regional level is an alternative left for a later 
study. 
The five scenarios analyzed in this chapter are: a) aa unrestricted 
base solution (Unrestricted or Base Alternative), b) a solution that mini­
mizes the total national sediment load (Minimum Sediment Alternative), c) 
a technology limiting solution (T-Limit Alternative), d) a solution with 
sediment loads at each producing area restricted (PA-Limit Alternative), 
and e) a river basin limit on sediment loads solution (River Basin Limit 
Alternative). Each of these solutions serves to represent a national goal 
in sediment load reduction. The sediment load restraints are placed on 
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all regions equally, thus, affecting the national composition of agricul­
tural production. However, the impacts of even a single region restraint 
are national in scope because of the intricate interactions of the agricul­
tural production system. 
This chapter analyzes the results of the individual model runs and the 
implications of the policies and goals simulated. The appropriate analysis 
of these policies plus a comparison of the impacts of the various goals 
are expressed through the five alternatives considered. The five runs 
named in the preceding paragraph do not all represent current policies or 
even policies available in concrete ways. Rather some of the alternatives 
express goals. These goals are environmental goals, and the mechanisms 
for meeting the goals are the alternatives in technical agricultural pro­
duction systems and interregional crop production available to American 
agriculture as discussed in the preceding four chapters. These goals can 
be partially met by mechanisms not considered in this study, such as batter 
controls on nonagricultural land, construction of extensive instream sedi­
ment traps and regionally specific environmental goals. However, the con­
trol of excessive sediment loads in our national rivers is assumed to lie 
in the enforcement of policies to bring about shifts in the soil loss pro­
duced as a residual of agricultural commodity production. 
This chapter divides into three parts. In the first section, each 
alternative is described and the policies and goals of each are explicitly 
laid out. In the second section, the Base Alternative is analyzed individ­
ually. This emphasis of the Unrestricted or Base Alternative is to estab­
lish its comparisons with historic production trends and to show the make-
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of agricultural production in the undisturbed situation. The third 
section deals with the comparisons between this Unrestricted Alternative 
and the alternatives for sediment control as goals and policies for secur­
ing better national water quality. 
Alternatives for Sediment Control 
A brief description of each of the alternative goals analyzed in this 
study is provided in this section. Each alternative is described by the 
types of restraints placed on the model, the potential impacts of the goals 
and policies simulated by the restraints, and the reasons for considering 
each of the five scenarios. All model runs are made for the year 2000 with 
an assumed population base of 262.4 million and constant consumer demands 
to maintain a consistent base for considering sediment control. 
An Unrestricted or Base Alternative 
This run of the model simulates sn idealized state of the agricultural 
production system where no restraints are placed on the sediment load of 
the nation's rivers. It is from this base that most comparisons with other 
runs are made. Therefore, neither crop nor livestock production is re­
strained in either location or quantity of production except as determined 
by the region's natural production patterns, by the commodities demanded, 
and by the availability of the primairy resources of land and irrigation 
water used as producing inputs. A complete cross section of agricultural 
production technologies is provided by which consumer demands are produced 
and transported at lowest total national cost. 
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The sediment system in this run distributes the soil loss from this 
Idealized state of production to the stream system in a manner that closely 
simulates the current state of the rivers in the United States (see Chapter 
IV). These sediment movements are compared with the solutions for other 
alternatives as a measure of environmental change resulting from the simu­
lated policies and goals. The Base Alternative does not simulate the cur­
rent state of sediment loads in the rivers exactly, nor is it compared too 
strictly to historic sediment data because the Unrestricted Alternative is 
not a simulation of history, but rather a projected alternative future. 
The historic sediment load and agricultural production data serves only as 
guide to the authenticity of the modeling system. However, the simulated 
river system is a good representation of the expected future river condi­
tions. 
The solution to Base or Unrestricted Alternative, therefore, serves 
as a base against which changes in sediment load and agricultural production 
of the alternatives in sediment control can be measured. The central ele­
ments of the model remain unchanged in the various alternative solutions 
except for constraints placed on the sediment transport system to simulate 
a control alternative or the implications of such an alternative. 
Minimum Sediment Alternative 
This alternative evaluates the physical and economic impacts of 
severely limiting the total national sediment load deposited in the oceans 
surrounding the United States. This restriction is simulated by minimizing 
total national sediment outflows to the ocean at total minimum cost. Such 
169 
a solution is surrogate for an extreme environmental enhancement policy 
directed toward sediment control from cropland sources. Minimum total na­
tional sediment load is produced only at the expense of extreme change in 
the agricultural production system. 
This alternative is not a practical goal in environmental policy, but 
is a limiting alternative which produces extreme consequences. The analysis 
of this scenario gives a bound to the consequences of large-scale changes 
in agriculture to meet environmental goals under the added burden of pro­
viding a fixed quantity of agricultural commodities. The implications and 
consequences of this alternative are different from those of meeting mini­
mum environmental degradation at all river outlets in the United States 
simultaneously. This alternative is the minimization of the sum of all 
river basin sediment outflows from the United States. 
T-Limit Alternative 
This run accumulates the sediment loads in the river system with the 
identical sediment transport system as the Base Alternative. For this al­
ternative, however, restrictions are placed on the available agricultural 
production technologies. Technologies are limited to those that contribute 
no more than a specified amount of soil less in tens per acre per year^ 
The T-factor, which specified the soil loss restrictions placed on this 
model, represents the tolerable level of soil loss for continued soil con­
servation by soil type and region. The restraints are placed on all regions 
and all soil types, and provides a simulation of practical methodologies 
both physically and institutionally of improving stream sediment loads. 
This process closely approximates the procedures used by Nicol (50), and 
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Nagadevara et al. (47) to simulate a national and state soil conservancy 
law (29). A comparison between the T-Limit Alternative and the Base Al­
ternative provides a quantitative measure of the improvement in sediment 
loads that are provided by restricting production activities and the cost 
of these improvements in terms of changes in the agricultural system. 
This alternative provides estimates of the reorganization of crop and 
livestock production required to meet the technical limitations on soil 
loss. Restraints such as the T-Limit Alternative express mechanisms by 
which both conservation and water quality can be improved by restricting 
farm level production technologies. 
Limiting production possibilities in this manner has been done 
previously and is a simulation of currently attempted legislation. However, 
for the comparisons of this report, the principle area of impact is on the 
stream system, not on land conservation practices. Obviously, such conser­
vation and land uses change, but the points of interest in the agriculture-
water quality interface are the instream sediment loads observed from a 
change in environmental goals, the change in production technologies re­
quired to meet the restrictions, and the use of land in agricultural produc­
tion under varying environmental restrictions. 
PA-Limit Alternative 
This alternative requires the agricultural production system of each 
PA to contribute the same proportion toward reduction of sediment loads. 
Therefore, the sediment load delivered from cropland sources for each PA 
is limited to 80 percent of the cropland sediment load of the Base Alter­
native. The total sediment load produced is the sum of the sediment loads 
171 
from cropland and noncropland sources. This 20 percent reduction in the 
cropland sediment load is applied equally to all PA's in the United States. 
The use of such a sediment delivery restriction allows the application of 
the cost efficient production system within each PA to meet the required 
environmental enhancement for that PA and for all downstream areas. This 
alternative, like all the others, has no maximum or minimum regional pro­
duction restraints or requirements, thus, production is optimally allocated 
nationally. 
The PA-Limit Alternative allows the analysis of the goals of water 
quality restrictions at various points in the river system when the re­
straint is placed at a subriver basin in contrast to the T-Ldmit Alternative 
which is a limitation impacting directly on the individual producers. 
Management of the restraints in the PA-Limit Alternative is much more dif­
ficult since determining the allocation of proposed changes in production 
mstiicds zrs ssssntially impossible. 
River Basin Limit Alternative 
Limiting sediment loads at the outflow of each of the 18 major river 
basins is the objective of this alternative. Limits are placed on each 
river basin's sedisient outflow as 20 percent reductions in the cropland 
produced sediment flowing from the river basin for the Unrestricted Alter­
native. Since this solution results in regional changes in land use and 
water quality impacts according to the amount of land in agriculture within 
the region, it tends to reflect the goal of controlling sediment loads at 
the large river basin level. The affects of such a control are to reduce 
sediment loads at various points on the rivers by combining agricultural 
172 
technologies and regional comparative advantages in all upstream PA's as 
a unit. The costs of such changes are minimal to consumers. Such restric­
tions imply a desire for reduction in sediment load to improve water quality 
at these outflow locations by the public in general. These improvements 
in water quality also imply similar improvements at other upstream points 
in the river system. To accomplish these water quality improvements, pro­
duction technologies and locations are varied in upstream regions, but not 
equally as in the PA-Limit Alternative. The hierarchical network charac­
teristic of the sediment submodel is such that the point of the restriction 
placed on sediment load is critical in estimating impacts of the control. 
This characteristic is particularly relevant for the River Basin Limit 
Alternative. Such a sediment plan would be administered by a river basin 
planning commission or agency. 
Table 19 summarizes the alternatives in sediment control analyzed in 
this chapter. All of these alternatives minimize total national cost of 
producing and transporting a fixed bill of agricultural commodities designed 
to provide the needs of 262.4 million people in the United States and to 
fill the projected export demands in the year 2000. The simulation of 
various levels of policy and goals by these alternatives identify the crit­
ical linkages between cropland agriculture and water quality. Any complete 
analysis of this data examines both sides of the linkage: changes in 
stream sediment loads,and changes in the agricultural production mechanism. 
These changes include those of river-linked regions and competitive mecha­
nisms in water quality, sediment production, and technologies for meeting 
coisaodity demands. 
Table 19. Alternatives examined for national control of stream sediment loads® 
Alternative for 
Sediment Control 
Description Objective Population 
(million) 
Demand and 
Export 
Level* 
Unrestricted Unrestricted sediment 
load 
Minimize total coat 262.4 OBERS-E' 
Minimum Sediment Minimize national 
siedlment load 
Minimize total cost 
at minimum sediment 
load 
262.4 OBERS-E' 
T-Limlt Soil loss limited to 
conservation tolerance 
levels 
Minimize total cost 262.4 OBERS-E' 
PA-Llmit PA limit on agricultural 
sediment at 80 percent 
of unrestricted 
Minimize total cost 262.4 OBERS-E' 
River Basin Limit River Basin Limit on 
agricultural sediment 
at 80 percent of 
unrestricted 
Minimize total cost 262.4 OBERS-E' 
^Source : ( 104). 
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The model used for these analyses is developed from a consistent 
aggregation of river subbasins into homogenous hydrologie river flow sys­
tems. The individual river systems aggregate into the 18 major river ba­
sins of the United States- These basins shown in Figure 25 are used as the 
reporting areas for summarizing the output of the alternative runs. Such 
regional summaries show changes in the alternative levels of agricultural 
production within a framework that pinpoints interriver basin modifications 
of the various variables. This type of summarization shows the shifts in 
water quality emphasis and national agricultural production resulting from 
specific policies among the river basin. Such variations as land utiliza­
tion, conservation practices, and commodity production are most relevant 
when summarized at the river basin level. For a few of the variables such 
as soil loss and sediment yields, graphical summaries are made from PA-
level data to give more insight into the intra-basin changes required to 
accomplish the desired sediment goals. 
Agriculture and Sediment Water Quality in 
an Unrestricted Agricultural Sector 
The Unrestricted Alternative serves as a base with which the 
alternatives in sediment control are compared to evaluate the implications 
of various sediment goals and policies on agricultural production and 
stream sediment loading. Minimization of the total cost of agricultural 
production with an unrestricted sediment distribution submodel, assures 
that agricultural production is optimally distributed in location and in 
the allocation of resources. Similarly, the aggregative sediment transport 
mechanism accumulates the eroded soil to give a base set of sediment loads. 
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These loads are directly traceable to the individual PA and its agricultural 
production. However, the aggregation of the sediment loading data is more 
useful at the river basin and national levels. 
Five principle areas of analysis are used to describe the response of 
agriculture to controls in sediment water quality. These areas show the 
spatial or interregional changes, resource utilization changes, and environ­
mental impact of the imposed sediment controls. The first area of analysis 
is the sediment loads resulting from agricultural production. These loads 
result directly from the technical and spatial utilization of lands through 
the soil loss or erosion resulting from the production. Land use and soil 
loss are the second and third areas of analysis. The fourth area of anal­
ysis is the utilization of water resources and the cropping patterns of 
irrigated cropland. The final area of analysis is the changes required in 
the production of commodities to meet the fixed consumer demands placed on 
the agricultural system. 
Sediment loads 
The Unrestricted Alternative distributes the sediment delivered from 
the exogenous sediment sources and the cropland utilized in production of 
commodities without stream loading restrictions. Since this base alterna­
tive has no restrictions on sediment loads, the sediment loads represent 
those of an optimally producing projected year 2000 agriculture. 
The river basin sediment outflows or loads are shown in Table 20 for 
both the historic or actual data used in the calibration of the sediment 
transport model and those for the Unrestricted Alternative solution. The 
Table 20. Sediment loads from actual data. Unrestricted Alternative, and noncropland sources 
Sediment Load 
Percent 
River Actual Unrestricted Noncropland Unrestricted 
Basin Alternative Load from Sediment Load 
Sources only from Exogenous 
Sources 
(000 tons) 
New England 1, 760 1 ,703 1 ,519 89 .2 
Mid Atlantic 4, 807 4, 355 3, 695 83 .9 
S. Atlantic-Gulf 12, 916'' 11, 298 9, 840 87, .1 
Great Lakes c 6 ,895 4. ,584 66 .4 
Ohio 58. 800 51, 535 41, 871 81, .2 
Tennessee 18, 400 13, 200 10, 726 81, .3 
Upper Mississippi 181, 000 120, 593 66, 410 55, .1 
Lower Mississippi 344, 000* 309, 641 217, ,635 70, .3 
Souris-Red-Rainy 1, 770r 1, 018 412 40. ,5 
Missouri 20, 380 106, 184 60, 991 57, ,4 
Ark.-White-Red 32, 186 27, 495 22, ,235 80. ,7 
Texas-Gulf 18, 542 12, 543 9, ,492 75. 7 
Rio Grande 275' 1, 206 1, 123 93, .1 
Upper Colorado 31, 655 28, 871 28, 394 98. ,3 
Lower Colorado 97'' 2, 119 2, 078 98. ,1 
Great Basin 
_c 5, 342 5, 076 95. ,0 
Col.-N. Pacific 18, 467' 15, ,468 11, ,414 73. 8 
California 42, 717'' 44, ,233 42, ,158 95. ,3 
Total sediment outflow 432, 435 415, ,024 308, ,252 74. 3 
^Actual load is the sum of available sediment outflows from the River Basin as computed 
from average historical data. Sources computed from Table 17 , Chapter 4. 
^Used to compute total sediment outflow to the oceans surrounding the United States. 
^Not available. 
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agreement between the two sets of loads is good for most river basins. 
This agreement adds a note of verification to the Base Alternative as a 
representation of the actual sediment flow system. The total sediment out­
flow from the 48 contiguous states is close to historic levels for most 
river basins. The 415 million tons estimated total sediment load for the 
Unrestricted Alternative agrees reasonably well with the sediment load of 
491 million tons estimated by Curtis, et al. (15). 
The actual total sediment load of all the river basins flow from the 
United States, shown in Table 20, is 432 million tons per year. This 
figure agrees well with the level computed for the Base Alternative of 415 
million tons. The difference of 17 million tons is due primarily to the 
model's use of optimal cropping systems which have lower soil loss rates 
than those experienced by past agricultural production and to calibrate 
the sediment transport system in Chapter IV. For example, the use of re­
duced or minimum tillage and terracing are higher in the Base Alternative 
than the levels found in the period 1960-1969 from which most of the sedi­
ment load data is taken. 
The sediment loads simulated for the individual river basins vary in 
the accuracy of estimation to the actual 1960-1969 average levels. The 
estimated sediment loads closely approximate the actual loads for all but 
three river basins—the Missouri, the Rio Grande, and the Lower Colorado. 
In the Missouri river basin, the model sediment loads exceed those of the 
actual data by a rather large amount. This basin is primarily an agricul­
tural basin with large areas of potentially highly erosive range land and 
equally highly erosive loess soils. For the Unrestricted Alternative, 
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large quantities of idle cropland are located in the erosive areas near 
the Missouri River. This idle cropland erodes at higher than normal rates 
and, therefore, delivers higher than normal sediment loads to the stream 
system increasing the basin sediment load above those experienced in the 
1960-1969 period. In the Lower Colorado and Rio Grande basins, two factors 
confound the problem of excessive sediment loads. First, the erosion from 
noncropland sources is overestimated because of excessive rates of gully 
and channel erosion and the large acreages of noncropland use. And secondly, 
the delivery and transport ratios of these two basins may not adequately 
reflect the impact of stream structures in trapping suspended sediment. 
However, in both of these river basins the estimated total load is not 
large since the basins are primarily exogenous desert lands, and although 
potentially erosive, have little rainfall to induce soil movement. The 
overestimates are large only in proportion to the 1960-1969 actual data and 
are net large in magnitude. The sedMent loss for most other river basins 
compare well with the historic levels. 
Sediment loads for the outflows of the individual PA's are given in 
Table 21. For all PA's, where historic data are available, the estimated 
loads are compared to the actual loads. These sediment loads are the sum 
of the sediment delivered from each PA and the sediment transported through 
the same PA, if any. The PA-level sediment loads reveal some additional 
verification of the modeled sediment system since most of the sediment loads 
are close approximations of the actual data. Examination of the three 
river basins for which estimated sediment loads exceed actual loads gives 
some additional insight into the problems of sediment estimation in these 
Table 21. Suspended sediment load from actual data and Unrestricted 
Alternative by producing area 
Sediment Load Sediment Load 
Producing 
Area 
Actual Unrestricted 
Alternative 
Producing 
Area 
Actual Unrestricted 
Alternative 
(000 tons) (000 tons) 
1 
2 
460 '227 
. 73 
3 •364 
4 1,300 264 
5 .505 
6 -a 271 
7 [598 
8 1,070 1840 
9 998 723 
10 1,953 1 ,208 
11 -a 919 
12 786 664 
13 1,500 1 ,261 
14 1,271 1 ,269 
15 702 645 
16 400 367 
17 
18 
171 
390 
140 
293 
19 3,528 3,018 
20 2,454 2 ,030 
21 2,500 2 ,275 
22 -a 503 
23 -3 747 
24 -a 646 
25 -a 1,628 
26 -a 468 
27 -a 1,389 
28 -a 526 
29 -a 986 
30 1 • 1,415 
31 15,000 1 11,937 
32 -a ' 2,525 
33 -a 2,645 
34 58,800 46,033 
35 -a 4,317 
36 -a 1,184 
37 ' 1,907 
38 18,400 13.201 
39 226 94 
40 3,247 2,176 
41 24,851 13,265 
42 -a 15,945 
43 181,000 120,593 
44 226,665 201,744 
45 244,900 236,262 
46 344,909 309,641 
47 1,770 1,018 
48 4,396 5,303 
49 3,408 2,994 
50 2,539 2,863 
51 23,793 25,826 
52 1,043 889 
53 1,487 1,518 
^ot available. 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
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Sediment Load Sediment Load 
Actual Unrestricted Producing Actual Unrestricted 
Alternative Area Alternative 
(000 tons) 
16,824 
56,168 
18,320 
20,380 
11,000 
7,563 
10,995 
186 
1,961 
3,413 
10,191 
523 
1,398 
196 
13,670 
2,094 
855 
-a 
61 
3,272 
3,496 
11,746 
L14,763 
"49,178 
L 6,198 
11,046 
106^184 
[ 
9,708 
1,004 
4,356 
8,691 
350 
1,336 
128 
2,339 
9,096 
451 
1,426 
404 
8,426 
r 10 
1.1,422 
821 
395 
248 
3,485 
(000 tons) 
80 620 658 
81 70 1,205 
82 13,018 14,508 
83 8,315 7,677 
84 31,322 28,870 
85 10,364 6,879 
86 3,493 851 
87 97 1,268 
88 -a 1,098 
89 -a 673 
90 -a 2,543 
91 -a 1,030 
92 -a 1,150 
93 10,897 9,587 
94 -a 2,256 
95 13,100 8,229 
96 3,300 15,030 
97 4,270 435 
98 -a 798 
99 34,667 35,541 
100 2,877 2,454 
101 386 266 
102 3,585 3,036 
103 3,660 3,627 
104 805 630 
105 -a 603 
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areas. For the Rio Grande Basin, the sediment loads are closely estimated 
except for PA 81 which is the final outflow from the basin. Erosion esti­
mates and(or) sediment and transport ratios in this PA slightly overesti­
mate the sediment load. For both the Rio Grande and Lower Colorado basins, 
cropland erosion is of minor consequences since most of the total land is 
in noncropland uses. In the Missouri River Basin, t.ne sediment load 
estimates from PA 57 are close to actual data. However, the sediment load 
from PA 60 into which PA 57 flows is significantly overestimated indicating 
that the erosion from sources in PA 60 is overestimated. The Missouri River 
Basins has a significant amount of idle cropland in the Unrestricted Alter­
native that contributes a higher than average soil loss per acre to the 
total sediment load. This high soil loss contributes to the overestimation 
of the sediment loads. 
Sediment yield, defined as the suspended sediment delivered per square 
mile of drainage area, for each PA is mapped in Figure 26. These esti­
mates are based on the sediment deliveries from the individual PA's and 
represent the combined affect of cropland and noncropland erosion and the 
sediment delivery ratios on the sediment loads. The sediment yields are 
another representation of the aggregative effect of location and land use 
on sediment loads. These yields compare with average historic yields of 
495 tons per square mile for Atlantic regions, 259 tons per square mile 
for the entire Mississippi River Basin, and 157 tons for the Pacific Ocean 
areas (15). 
These initial comparisions of the Unrestricted Alternative with 
measured historical data provide the background from which the alternative 
-mm 
Cl 
m 
ED 
00 
w 
Sediment Yield 
0 to 250 tons/square mile 
250 to 500 tons/square mile 
500 to 1,000 tons/square mile 
1,000 to 1,500 tons/square mile 
over 1,500 tons/square mile 
Figure 26. Average annual sediment yield by producing area for the Unrestricted 
Alternative 
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futures for sediment control are compared. These comparisons with histori­
cal data are not meant to be the last word in establishing the accuracy of 
the estimation procedures used, but rather as a point of departure in eval­
uating sediment control alternatives. Several inadequacies in estimation 
procedures exist in the model. However, this model serves as a normative 
estimation process valuable in assessing potential environmental policy. 
As additional sediment transport information becomes available, this pro­
cedure can be readily adapted. 
Erosion from noncropland sources 
The erosion from noncropland sources plays an extremely important 
role in computing total sediment loads. Table 20 gives two pieces of infor­
mation on exogenous sediment load for each river basin that helps in asses­
sing the role of noncropland erosion. The fixed portion of the sediment 
load which originates from noncropland sources is shown in the table for 
each river basin. These data reveal that in many river basins the total 
loads of sediment are determined more by the noncropland uses than crop­
land uses. The proportion of the total sediment load that originates from 
these fixed noncropland sources varies from river basin to river basin. 
The intensive cropland areas or the midwestern United States have the lowest 
percentage of total sediment load originating from noncropland sources. 
The Great Lakes Basin, with 66.4 percent of the total sediment load from 
noncropland sources, the Upper Mississippi with 55.1 percent, the Souris-
Red-Rainy with 40.5 percent, and the Missouri Basin with 57.4 percent, are 
the most intensive agricultural basins. This assessment of cropland ero­
sion agrees with the levels expected from the historical regional 
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distribution of agricultural production. In the river basins of the 
western United States, large proportions of the total load come from exog­
enous noncropland sources since equally high percentages of the total land 
are in noncropland use. 
Additional information on exogenous noncropland uses is provided in 
Tables 22 through 24 by river basins. Table 22 gives the total cropland 
and noncropland acreages and soil loss. These values serve as illustra­
tions of the importance of these two sources of erosion in assessing the 
role of noncropland erosion. In Tables 23 and 24 the noncropland acreages 
and total gross soil losses are given by land use type for each river basin. 
The method of distribution of soil losses among these sources is given in 
Chapter IV. Each of these data illustrates the potential impact of crop­
land erosion control in various regions of the United States. Figure 27 
is a map of the percentage of sediment delivered in the Unrestricted Alter­
native that originates from noncropland sources by PA. These percentages 
are identical to the percentage of the total soil loss from noncropland 
sources since sediment delivery is proportional to soil loss. These highly 
significant percentages assess the potential effects of sediment control 
policies using agricultural cropland management as a process of eliminating 
excess stream sediment loads. It reveals that much of the United States 
has more than 80 percent of the total land area in noncropland uses. There­
fore, attempts to control sediment loads through agriculture have differing 
regional impacts on the agricultural systan. The midwestern states have 
the most potential for reducing sediment loads using croplands. While for 
the western states, the effects of cropland managenent on total sediment 
Table 22« Cropland, noncropland, total land, total noncropland soil loss, and average soil 
loss from noncropland by river basin 
River Cropland* Noncropland Total Total soil Average 
Basin Lands Land loss from soil loss 
exogenous for exogen­
sources ous land 
(000 acres) (000 tons) (tons/acre) 
New England 1,324 40,227 41,551 47,648 1.18 
Mid Atlantic 9,271 53,081 62,352 290,192 5.47 
S. Atlantic-Gulf 23,872 143,209 107,081 1,208,424 8.44 
Great Lakes 22,900 64,594 87,494 152,802 2.37 
Ohio 29,766 73,048 102,814 661,584 9.06 
Tennessee 3,669 24,014 27,683 264,460 11.01 
Upper Mississippi 61,622 53,532 115,154 312,138 5.83 
Lower Mississippi 20,394 44,467 64,861 844,425 18.99 
Souris-Red-Rainy 19,670 15,805 35,475 29,413 1.86 
Missouri 95,102 278,349 373,451 1,266,529 4.55 
Ark.-White-Red 42,892 118,504 161,397 696,942 5.88 
Texas-Gulf 24,010 89,347 113,357 349,532 3.91 
Rio Grande 2,501 103,534 106,035 353,033 3.41 
Upper Colorado 1,225 107,026 108,251 483,291 4.52 
Lower Colorado 1,350 146,249 147,599 348,574 2.38 
Great Basin 2,171 159,949 162,120 507,553 3.17 
Col.-N. Pacific 17,083 234,227 251,310 769,117 3.28 
California 9,546 136,204 145,750 488,864 3.59 
U.S. Total^ 388,370 1,885,361 2,273,731 9,074,514 4.81 
^Cropland available for production of endogenous crops. 
'^Totals may not add because of computer rounding. 
Table 23. Total noncropland acreages by land use for the river basins 
River Exogenous® Hay and Range Forest Other Urban and Total Non-
Basin Croplands Pasture Land^ Landc Federal Buildup croplands 
Land Lands Lands 
(000 acres) 
New England 279 2,166 0 31,108 2,498 3,959 40,227 
Mid Atlantic 850 6,578 0 31,555 5,181 8,636 53,081 
S. Atlantic-Gulf 4,464 13,678 1,869 97,797 12,133 12,305 143,209 
Great Lakes 1,887 4,568 2 35,230 12,615 9,776 64,594 
Ohio 720 16,022 0 40,155 7,592 8,156 73,048 
Tennessee 148 4,005 0 14,683 3,198 1,888 24,014 
Upper Mississippi 1,349 12,435 316 23,501 7,554 7,888 53,532 
Lower Mississippi 2,031 5,477 490 27,978 4,557 3,082 44,467 
Souris-Red-Rainy 1,167 1,976 2,092 5,835 2,799 1,746 15,805 
Missouri 2,595 22,426 151,608 34,245 52,933 11,454 278,349 
Ark.-White-Red 958 11,987 54,454 33,568 10,715 6,017 118,504 
Texas-Gulf 1,561 11,866 45,036 20,610 4,131 5,795 89,347 
Rio Grande 291 707 62,343 14,497 24,477 1,111 103,534 
Upper Colorado 56 1,521 39,155 19,745 46,099 391 107,026 
Lower Colorado 177 121 53,364 27,174 63,988 1,388 146,249 
Great Basin 77 1,659 62,420 12,768 82,044 948 159,949 
Col.-N. Pacific 2,182 4,578 49,013 82,912 92,119 3,038 234,227 
California 3,182 2,588 26,808 42,521 55,509 5,388 136,204 
U.S. Total^ 23,975 124,360 548,968 595,882 490,142 92,967 1,885,361 
^Exogenous cropland are those cropland which are not included in the land base for the 
major crops. 
^Range land includes private range and BLM controlled lands. 
^Forest land includes private forest and Forest Service lands. 
^Totals may not add because of computer rounding. 
Table 24. Total noncroplfind gross soil loss estimated by land use for the river basins 
River 
a 
Exogenous Hay and Range Forest Other 
Basin Croplands Pasture Land Land Land Fed era! 
Lands 
(000 tons) 
New England 1,916 2,513 0 12,395 6,407 
Mid Atlantic 9, «30 32,145 0 65,857 28,147 
S. Atlantic-Gulf 66 ,.335 58,859 9,368 211,395 67,638 
Great Lakes 16,815 5,122 0 13,373 22,277 
Ohio 9, ,509 148,138 0 179,388 48,126 
Tennessee 2,315 51,027 0 89,543 30,356 
Upper Mississippi 12,448 53,031 2,566 71,513 26,319 
Lower Mississippi 61,639 34,177 8,589 125,247 42,418 
Sourls-Red-Rainy 6,785 1,859 2,372 809 1,918 
Missouri 2.0,595 54,496 352,088 68,276 38,902 
Ark.-White-Red 10,832 34,941 187,887 152,947 26,026 
Texas-Gulf 18,318 31,741 171,043 61,881 18,325 
Rio Grande 2,109 1,173 108,318 22,222 54,080 
Upper Colorado 170 !),543 104,493 42,835 109,893 
Lower Colorado 466 410 72,037 27,768 87,031 
Great Basin 174 3,996 107,371 19,689 142,919 
Col.-N. Pacific 7,765 14,784 121,754 162,989 196,796 
California 11,457 7,116 53,931 79,276 98,700 
United States^ 259,477 541,071 1,301,815 1,407,396 1,046,281 
^Exogenous croplands are those croplands which are not included in the land base for the major 
crops. 
^Range land includes private range and BLM controlled lands. 
^Forest land includes private forest and Forest Service lands. 
^Totals may not add because of computer rounding. 
Table 24. (continued) 
River Urban and Buildup Gully Channel Total 
Basin Lands Erosion Erosion Noncropland 
Soil Loss 
(000 tons) 
New England 9,882 8,721 5,814 47,646 
Mid Atlantic 49,344 62,921 41,948 290,192 
S. Atlantic-Gulf 73,952 720,877 0 1,208,424 
Great Lakes 22,302 43,748 29,165 152,102 
Ohio 71,062 102,680 102,680 661,584 
Tennessee 23,032 34,094 34,094 263,460 
Upper Mississippi 32,636 113,626 0 312,138 
Lower Mississippi 30,293 542,062 0 844,425 
Souris-Red-Rainy 1,770 13,900 0 29,413 
Missouri 27,514 469,772 234,886 1,266,529 
Ark.-White-Red 19,668 172,593 92,050 696,942 
Texas-Gulf 19,397 28,827 0 349,532 
Rio Grande 2,124 0 163,007 353,033 
Upper Colorado 949 0 219,410 483,291 
Lower Colorado 2,120 0 158,741 348,574 
Great Basin 2,124 0 231,279 507,553 
Col.-N. Pacific 5,904 149,288 109,838 769,117 
California 8,606 0 229,777 488,864 
United States^ 402,677 2,463,106 1,652,686 9,074,514 
I I less than or equal to 
20 percent 
@S greater than 20 percent and 
less than or equal to 50 percent 
Ky.'Vl greater than 50 percent and 
less than 80 percent 
greater than 80 percent 
Figure 27. Proportion of total erosion from noncropland sources by producing 
area for the Unrestricted Alternative 
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loads are small. These inherent regional differences are important when 
considering soil loss, sediment, and cropland agriculture as controls in 
water quality management. 
The proportions of total sediment loads from noncropland sources 
represent a set of natural constraints on sediment control by managing 
cropland usage. Nationwide, only 26.7 percent of the total sediment out­
flow to the ocean is under the control of cropland management. And, sedi­
ment originating from croplands cannot be completely eliminated because 
even under the best cropland management systems some soil loss occurs. 
Cropland utilization 
The spatial and technical distribution of agricultural production is 
the primary determinant of agriculture's inputs to sediment load. This 
distribution includes the location of production, production resource re­
siduals, and the technologies used to produce agricultural commodities. 
Land is the resource whose use is instrumental in the production of re­
sidual soil loss, and consequently, sediment loads. The amount of land 
used and its erosiveness, productivity, and location are important aspects 
of land use. 
The total national use of land is shown in Table 25. The 303.8 
million acres required to produce the endogenous crops of this alternative 
does not utilize the entire land base. The idle lands total some 55.5 mil­
lion acres. Figure 28 shows the location of idle cropland under the Unre­
stricted Alternative. The location of idle land is determined by the eco­
nomic comparative advantage of agricultural production in each area of the 
country. The Missouri River Valley, from South Dakota to Missouri, has 
Table 25. Total cropland use, total cropland soil loss, and average soil loss by river basin 
for the Unrestricted Alternative 
River Dryland Irrigated Slack Soil Average 
Basin Crops Crops Land Loss Soil Loss 
(000 acres) (000 tons) (tons/acre) 
New England 450 594 859 1.91 
Mid Atlantic 7,729 690 42,787 5.54 
S. Atlantic-Gulf 17,778 1,629 194,052 10.92 
Great Lakes 19,326 1,686 56,233 2.91 
Ohio 26,208 2,837 108,287 4.13 
Tennessee 2,268 1.252 13,870 6.12 
Upper Mississippi 56,912 3,360 323,663 5.69 
Lower Mississippi 16,708 1,653 196,507 11.76 
Souris-Red-Rainy 17,102 1,400 23,991 1.40 
Missouri 63,610 7,407 21,489 287,258 4.04 
Ark.-White-Red 31,791 4,207 5,936 123,772 3.44 
Texas-Gulf 16,345 1,497 4,606 99,117 5.56 
Rio Grande 42 1,200 966 5,460 4.40 
Upper Colorado 0 873 296 1,628 1.86 
Lower Colorado 194 805 173 574 .57 
Great Basin 351 1,064 679 4,004 2.83 
Col.-N. Pacific 7,711 2,988 4,165 42,911 4.01 
California 704 3,527 2,131 3,412 .81 
National Total* 285,237 23,571 55,550 1,528,394 4.95 
totals may not add because of computer rounding. 
• 100,000 acres of 
idle cropland 
Figure 28. Location of idle cropland in the United States for the Unrestricted 
Alternative 
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the highest concentration of idle cropland. This is because of the area's 
lack of accessibility to specific markets, its lack of comparative advan­
tage in the production of either food grains or feed grains. Thus, in the 
idealized markets developed by this model, land is utilized in the Great 
Plains areas of Kansas and Oklahoma to produce the food grains, and in 
Iowa, Illinois, and Indiana to produce feed grains and soybeans. These 
allocations are prompted by the comparatively low export demands for wheat, 
and the relatively higher demands for corn and soybeans. The Texas High 
Plains area also shows substantial idle lands resulting from a comparative 
disadvantage in the production of cotton, feed grains, and wheat because of 
low comparative yields and the extra cost of irrigation water. 
The National Inventory shows approximately 435 million acres of 
cropland in all cropland uses (81). However, adjustments in this land base 
for lands reverting to noncropland use brings the total land base available 
to the endogenous crops down to 364.3 million acres. Average 1971-1973 
acreage requirements for endogenous crops are estimated at 281.9 million 
acres (So). Therefore, the increase to 308.8 million acres in 2000 for the 
Unrestricted Alternative includes 11.3 million acres of summer fallow land 
or a net increase in land usage of 15.5 million cropland acres. This in­
crease is due partially to the increased population and export demands pro­
jected for the year 2000. 
The primary uses of land in the individual river basins are shown in 
Table 26 by primary crop type. The total land in row crop production is 
much higher than for close-grown and hay crops in the Unrestricted Alter­
native. This freely competitive production system uses row crops to 
Table 26. Total cropland by primary use and the percent of active cropland in each use by river 
basin for the Unrestricted Alternative 
River Row 
a 
crops Close grown crops^ All hays^ Summer fallow 
Acreage Percent­ Acreage Percent­ Acreage Percent­ Acreage Percent­
age of age of age of age of 
active active active active 
crop­ crop­ crop­ crop­
land land land land 
(000 acres) (000 acres) (000 acres) (000 acres) 
New England 159 35 58 13 234 52 0 0 
Mid Atlantic 3,191 41 3,466 45 1,073 14 0 0 
S. Atlantic-Gulf 15,309 86 1,700 10 769 4 0 0 
Great Lakes 15,862 82 2,121 11 1,344 7 0 0 
Ohio 21,971 84 2,804 11 1,434 5 0 0 
Tennessee 2,074 91 0 0 194 9 0 0 
Upper Mississippi 51,677 91 736 1 4,500 8 0 0 
Lower Mississippi 13,617 81 1,415 8 1,677 10 0 0 
Souris-Red-Rainy 6,140 36 9,644 56 0 0 1,318 8 
Missouri 24,929 35 18,848 27 20,812 29 6,428 9 
Ark.-White-Red 15,902 44 8,288 23 11,007 31 801 2 
Texas-Gulf 12,419 70 1,985 11 3,439 19 0 0 
Rio Grande 845 68 105 8 294 24 0 0 
Upper Colorado 417 48 92 11 304 42 0 0 
Lower Colorado 478 48 91 9 430 43 0 0 
Great Basin 247 17 607 43 386 27 175 12 
Col.-N. Pacific 523 5 5,347 50 2,467 23 2,362 22 
California 1,323 31 913 22 1,814 43 182 4 
U.S. Total^ 187,085 61 58,220 19 52,239 17 11,265 4 
fRow crops are corn, cotton, sorghum, soybeans, and sugar beets. 
Close grown crops are barley, oats, and wheat. 
jAll hays are legume and legume hays. 
Totals may not add because of computer rounding. 
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produce feed grains for the livestock production required to meet the fixed 
demands. This row crop production is potentially more erosive than either 
close-grown crops or hay crops since the impact of rainfall on the exposed 
land surface is higher. The type of conservation practices used limits 
this potential erosion in some cases. The percentage of the total active 
cropland in the four land use groups is shown in Table 26. These propor­
tions, of the land use totals in Table 26, show the regional and use dis­
tribution of land for an unrestrained sediment sector. The intensity of 
row crops in the midwestem United States is illustrated by 91 percent of 
the total cropland in row crops in both the Tennessee and the Upper Missis­
sippi River basins. The Ohio and South Atlantic-Gulf basins have 84 per­
cent and 86 percent row crops, respectively. For total national production, 
61 percent of the active cropland is required in row crop production. Row 
crops are generally more erosive in a given area, and the reduction of 
sediment loads depends significantly on the reallocation of row crops; 
either regionally or in the production technologies used to produce the 
commodities demanded from traditional row crops. In the Unrestricted Alter­
native, 11.3 million acres are occupied in summer fallow grain produc­
tion techniques in the semiarid areas of the Great Plains and Pacific 
Northwest. These production techniques tend to be more erosive than rota­
tion crop management systems. 
A wide variety of production technologies are used to produce crops in 
the Base Alternative. These production technologies include those tech­
niques most commonly used to control erosion, conserve cropland, and in­
crease productivity. The national allocation of production to these 
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various technologies and practices is shown in Tables 27 and 28 for the 
Unrestricted Alternative. The acreage totals shown in the first table 
indicate the predominate use of straight row and contour cropping in the 
production of agricultural goods. In addition, sizeable acreages are used 
in both conventional and reduced tillage practices. The large acreages in 
reduced tillage exceed any current or past usage by a substantial number 
of acres. This increase in reduced tillage to approximately 37.4 percent 
of the total active cropland represents a comparative advantage available 
in the use of reduced tillage use because of decreased cost and increased 
yields (50). 
The regional distribution of cropland acreages by tillage practice in 
Table 29 shows extremely large acreages in the Upper Mississippi River 
Basin. These lands are used primarily in the production of com and soy­
beans. In most other river basins, large acreages are used to produce the 
required crops using conventional tillage practices. 
Table 30 gives the distribution of active croplands by land quality 
class. Class I and II lands are primarily used to grow the required crops 
because of the advantage provided by the higher yields and low costs associ­
ated with this high quality land. This production is accomplished at the 
expense of considerable total soil loss. The potential erosion from use of 
Class I and II land is high under intensive cropping. However, the poten­
tial for improvement is also high. Since the Alternative is unrestrained 
in soil loss or sediment load, the erosiveness of the cropland is not sig­
nificant in determining the use of this land. 
Table 27. National active land use by contuirvation and tillage practice for the Unrestricted 
Alternative 
Conservation Conventional Tilla{;e Conventional Tillage Reduced Total active 
Practice Residue Removed Residue Left Tillage Cropland Use 
(000 acres) 
Straight Row 30,044 35,810 28,243 94,097 
Contour 7,003 55,078 50,299 112,380 
Strip Cropping 5,924 27,665 35,095 68,684 
Terrace 5,337 26,329 1,976 33,642 
Total Active Cropland 48,308 144,882 115,613 308,803 
Total Idle Land 55,550 
Total Endogenous 364,353 
Cropland 24,010 
Exogenous Cropland 24,010 
Total Cropland 388,363 
^Totals may not add because of computer rounding. 
Table 28. Percent of national active cropland by conservation and tillage practice for the 
Unrestricted Alternative 
Conservation 
Practice 
Conventional Tillage 
Residue Removed 
Conventional Tillage 
Residue Left 
Reduced 
Tillage 
Total Cropland 
Active Use 
Straight Row 8.2 9.8 7.8 25.8 
Contour 1.9 15.1 13.8 30.8 
Strip Cropping 1.6 7.6 9.6 18.9 
Terraces 1.5 7.2 .5 9.2 
Total Cropland 13.3 39.8 31.7 84.8 
Idle Cropland 15.2 
^Totals may not add because of computer rounding. 
Table 29. Total active croplands and soil loss by tillage practice and river basin for the 
T.inreatricted Alternative 
River Conventional Tillage Conservâtional Tillage Reduced Tillage 
Basin Residue Removed Tillage Left 
Total Total Total Total Total Total 
Land Use Soil Loss Land Use Soil Loss Land Use Soil Loss 
(000 acres) (000 tons) (000 acres) (000 tons) (000 acres) (000 tons) 
New England 450 857 0 0 0 0 
Mid Atlantic 253 1,343 2,777 24,162 4,695 17,277 
S. Atlantic-Gulf 1,958 49,283 10,411 119,447 5,405 29,319 
Great Lakes 648 3,139 1,884 11,987 16,791 41,103 
Ohio 735 3,693 2,712 20,972 22,757 83,620 
Tennessee 0 0 1,943 13,294 323 575 
Upper Mississippi 2,206 20,692 3,280 23,245 51,422 279,723 
Lower Mississippi 537 1,333 11,805 108,013 4,365 87,159 
Souris-Red-Rainy 0 0 17,101 23,990 0 0 
Missouri 13,041 100,994 50,102 69,257 7,870 117,002 
Ark.-White-Red 5,230 22,025 28,789 97,781 1,974 3,961 
Texas-Gulf 4,682 25,404 13,159 73,711 0 0 
Rio Grande 675 3,044 568 2,415 0 0 
Upper Colorado 873 1,628 0 0 0 0 
Lower Colorado 958 562 40 12 0 0 
Great Basin 1,414 4,003 0 0 0 0 
Col.-N. Pacific 10,698 42,909 0 0 0 0 
California 3,934 3,064 296 347 0 0 
U.S. Total* 48,308 279,992 144,882 588,649 115,613 659,749 
^Totals may not add because of computer rounding. 
Table 30. Total active croplands, total soil loss, average soil loss, and idle cropland on 
active cropland by land qualidy class for the Unrestricted Alternative 
Land 
Quality 
Class 
Active 
Croplands 
Soil 
Loss 
Average annual 
Soil Loss on 
Active Croplands 
Idle 
Croplands 
(000 acres) (000 tons) (tons/acre) (000 acres) 
I (1) 34,201 222,374 6.5 181 
He (2) 76,216 258,010 3.4 888 
lis. He, IIw (3) 81,936 231,022 2.8 2,244 
rile (4) 59,312 417,634 7.0 8,273 
Ills, IIIc, IIIw (5) 37,590 234,078 6.2 10,862 
IVe (6) 15,801 147,055 9.3 12,948 
IVs, IVc, IVw (7) 2,424 10,614 4.4 5,711 
all of V (8) 20 14 .7 900 
all VI, VII, & VIII (9) 1,296 7,595 5.9 12,534 
U.S. Total* 308,808 1,525,396 4.95 55,550 
^Totals may not add because of computer rounding. 
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Idle land primarily occupies Class III, IV, VI, VII, and VIII, which 
have both high erosion capacity and low yields relative to Class I and II 
lands. 
Soil loss 
The soil losses associated with crop production are the determinants 
of sediment loads from cropland sources. These losses are partially illus­
trated by the data on sediment loads presented in Table 20 . The emphasis, 
however, is now on the specific cropland uses that affect both soil loss 
and sediment loads. The 1.5 billion tons of gross soil loss from croplands 
in the Base Alternative represent a national average soil loss per acre 
of active cropland of 4.95 tons per acre. 
This national average is distributed in several ways that continue to 
illustrate the impact of the various regions of the United States on sedi­
ment loads from agriculture. For example. Table 22 shows the relative im­
pact of soil loss in the South Atlantic-Gulf and the Lower Mississippi 
River basins. The average annual soil loss rates for these two basins of 
10.9 and 11.8 tons per acre, respectively, show the largest upward devia­
tions from the national average. The erosive soils of the southeastern 
United States are showing the potential erosion from extensive use of row 
crops (Table 26), and conventional tillage (Table 27) practices. Other 
significant variations occur in the arid southwest where low average soil 
loss rates of .6 and .8 tons per acre are observed for the Lower Colorado 
and California-South Pacific basins, respectively. In the midwestem Corn 
Belt areas of the Upper Mississippi and Ohio river basins, the average 
soil loss rates of 5.7 and 4.1 tons per acre are somewhat lower than 
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expected under 1975 soil conditions and tillage practices. This is because 
of the large use of reduced tillage as shown in Table 27. The Texas-Gulf 
and Missouri river basins also have lower than expected soil loss rates. 
In the first case, this reduced average soil loss is because of the appli­
cation of large acreages under reduced tillage practices, thereby reducing 
the erosion from crop production in these areas (Table 27). The average 
soil loss rates for crops produced under conventional tillage practices, 
residue removed and residue left, in the Upper Mississippi River Basin are 
9.4 and 7.1 tons per acre, respectively. These average rates are a sub­
stantial increase from soil loss rate from reduced tillage. In the Texas-
Gulf and Missouri river basins, average annual soil loss is reduced by the 
utilization of conservation practices of contouring, strip cropping, and 
terracing which reduce the total soil loss from the basin. This is illus­
trated in Table 25 which shows the total soil loss from each river basin 
by conservation practice. As is the usual case, the largest soil loss 
totals are for areas which are intensively row cropped. Comparing this 
table to Table 27 which gives the cropland acreages by conservation prac­
tice shows that the average soil loss is substantially reduced by the ap­
plication of conservation practices. 
The regional distribution of average annual soil loss is illustrated 
further in Figure 29 , which gives the average soil loss rate by PA. Com­
paring this figure to Figure 26 provides some additional insight into the 
erosive potential of the various agricultural regions of the United States. 
The South and Southeast have the highest soil loss rates. Substantially 
• 0 to 3 tons/acre 
m 3 to 6 tons/acre 
m 6 to 9 tons/acre 
Ml 9 to 15 tons/acre 
m over 15 tons/acre 
Figure 29. Average annual cropland noil loss by producing 
Alternative 
204 
lower rates exist for the western states except for the highly productive 
agricultural areas of the Columbia-North Pacific River Basin. 
Water and irrigated cropland use 
Although this analysis is not a study on irrigation water supplies and 
land use, the resources of irrigated agriculture provide some interesting 
trade-offs in resource utilization that can be implemented to help solve 
sediment pollution problems. The utilization of irrigated land and water 
resources are important in meeting commodity demands when sediment controls 
are applied since the irrigated land of the western states is less erosive 
than the cropland of the Midwest and South. 
In the Unrestricted Alternative, irrigated croplands are utilized in 
all of the western river basins that have irrigated lands in the model. 
Table 31 illustrates these cropping patterns by showing the use and soil 
less experienced for irrigated land. The use of 23.6 million acres is some­
what less than the 34.8 million acres active in irrigated crops in 1967 (81). 
This decrease in irrigated acreage results from the comparative disadvan­
tage irrigated agriculture experiences in an unrestrained economy because 
of additional costs of water in crop production. This water cost, relative 
to the increase in yield from the added water, places some irrigated areas 
and crops in a disadvantage. In many of these areas the excess irrigated 
land is utilized in the production of nonirrigated crops. In Table 31, 
the use of irrigated lands for nonirrigated crops is extremely important 
in the Texas-Gulf River Basin which has 2.55 million acres of such land. 
The total idle irrigated land is only 3.1 million acres, a small portion 
Table 31. Irrigated cropland use by the western river basins for the Unrestricted Alternative 
River Irrigated Irrigated Irrigated Irrigated Soil Loss from 
Basin Cropland Cropland in Cropland in Cropland in Irrigated 
Available Exogenous Irrigated Dryland Cropland 
Uses Crops Crops 
(000 acres) (000 tons) 
Missouri 8,028 251 7,407 73 19,656 
Ark.-White-Red 5,019 191 4,207 544 22,239 
Texas-Gulf 5,291 708 1,498 2,552 13,901 
Rio Grande 1,930 269 1,201 41 5,454 
Upper Colorado 1,037 32 873 0 1,629 
Lower Colorado 1,083 177 805 0 485 
Great Basin 1,471 60 1,064 0 1,487 
Col.-N. Pacific 5,870 1,553 2,989 925 5,772 
California 7,466 3,083 3,527 50 2,965 
Western Basins 37,195 6,325 23,572 4,184 73,588 
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of the 55.5 million acres of idle land nationwide. Similarly, the total 
soil loss of 73 million tons from irrigated agriculture is only 5 percent 
of the total cropland erosion of 1.5 billion tons. 
Water use in irrigated crop production is shown in Table 32. The total 
annual irrigation withdrawals from surface water of 81 million acre-feet 
and 4 million acre-feet from depletable ground water, does not place any 
areas at the limit of available water for crop production. The utilization 
of interbasin water transfers is exceedingly small, and most regions con­
sume from within the river basin. This reflects the relatively low demands 
placed on agricultural production in the Unrestricted Alternative. 
Commodity production 
The demands for agricultural commodities are shown in Table 7 of 
Chapter III. These demands are fixed for all of the alternatives considered 
in this study. However, the agricultural production processes used to pro­
duce these goods are not fixed. These variations in production processes 
are illustrated in part by the land use analysis of the previous sections. 
However, the composition of agricultural production also changes in the mix 
of intermediate goods utilized to produce the livestock commodities de­
manded by consumers and the regional comparative advantage of individual 
crops. These changes interact to reduce sediment loads when the 
model is restrained by goals and policies in sediment control. 
The production of major crop commodities for the Unrestricted 
Alternative is shown in Table 33 compared to 1973 production levels. Al­
though some variations in accounting do exist, both acreages and production 
Table 32. Water use in the western river basins for the Unrestricted Alternatives 
Water Supplies 
River Depletable Surface Exogenous Agri- Surface Water Surface Depletable Interbasln 
Basin Ground- Water cultural Con- Withdrawals Water Ground- Transfer 
Water sumptive Use Con- Water 
sumed Consumed 
(000 acre-feet) 
Missouri 897 35,663 388 23,244 13,762 0 0 
Ark.-White-Red 4,405 24,198 391 8,855 6,591 1,613 0 
Texas-Gulf 3,621 10,897 2,197 3,200 3,072 1,546 0 
Rio Grande 23 5,116 651 3,662 2,915 0 0 
Upper Colorado 0 10,972 54 3,766 1,629 0 1,053 
Lower Colorado 3,000 2,969 564 5,627 3,722 906 0 
Great Basin 600 2,409 128 4,111 2,207 14 0 
Col.-N. Pacific 0 140,174 2,950 16,405 8,008 0 0 
California 7,774 43,977 9,195 12,135 9,392 0 0 
Western Basins 20,320 276,380 16,518 81,009 51,298 4,049 1,053 
Table 33. National cropland use and crop production by crop for the unrestricted Alternative 
and 1973* 
Cropland Use Commodity Production 
Crop Unrestricted 1973^ Commodity Unrestricted 1973* 
Alternative Units Alternative 
(000 acres) (000 units) 
Barley 7,726 10,527 bu. 556,212 424,483 
Corn Grain 55,729 61,760 bu. 6,872,742. 5,643,256 
Corn Silage 8,756 8,764 tons 389,474" 109,848 
Cotton 5,873 11,995 bales 10,767 12,958 
Legume Hays 45,680 27,529 tons 188,637 78,343 
Nonlegurae Hays 6,559 34,661 tons 180,810^ 56,265 
Oats 6,772 14,110 bu. 442,844 663,860 
Sorghum Grain 15,102 15,940 bu. 849,260. 936,587 
Sorghum Silage 15,372 2,979 tons 389,474% 9,557 
Soybeans 84,357 56,416 cwt. 1,640,142* 1,566,518® 
Sugar Beets 1,893 1,222 tons 39,908 24,540 
Wheat 43,722 53,875 bu. 1,691,638 1,711,400 
^Source: (87). 
^Total silage production. 
'^Includes aftermath grazing and hay from pasture, range and forest. 
^Hundred weight of oilmeals including cotton oilmeal. 
^Bushels of soybeans. 
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variables can be compared. The Base Alternative shows large gains in 
acreage and production of legume hays, soybeans, and sorghum silage from 
the 1973 levels. These increases are because of the year 2000 commodity 
denand structure imposed on the model. This demand structure shows in­
creased export demands for soybeans and relative changes in livestock feed­
ing efficiencies for the year 2000. The total production of corn for the 
nation as a whole increases while total acres in corn decreases, reflecting 
the increase in average corn yield relative to the smaller proportional 
increase in demand. This same type of conditions exists for cotton and 
barley. Wheat acreage and production in the Base Alternative are both 
lower than in 1973, reflecting the high export levels experienced in 1973. 
Lower average export conditions are projected to exist in 2000. 
The use of crop commodities in the production of livestock feeds is 
a considerable proportion of the national production of most commodities. 
Table 34 shows that annual requirements of 4.2 billion bushels of com and 
697 million tons of oilmeals are primary inputs into livestock production 
in the Base Alternative. This level of livestock inputs also requires 389 
million tons of silage. Both the corn and silage are produced primarily 
in the Com Belt regions of the Midwest, as are the livestock commodities. 
Tables 35 and 36 show the production of crop commodities by the river basins. 
The comparative advantages of the various regions are specifically shown 
for some crops in these tables which give the acreages ror the individual 
crops by river basin. 
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Table 34. Use of produced commodities in the production of livestock for 
the Unrestricted Alternative 
Commodity Unit Resources Used in Livestock 
Production 
(thousand units) 
Corn bu. 4,175,018 
Sorghum bu. 454,060 
Barley bu. 312,395 
Oats bu. 317,593 
Wheat bu. 69,542 
Oilmeals tons 696,758 
Legume hay tons 188,636 
Nonlegume hay tons 180,244 
Silage Pasture tons 389,474 
Pasture® tons 154,491 
^ay equivalent. 
Specific regional changes show a large reduction in the com acreage 
in the Missouri River Basin. This decrease is accompanied by the increase 
in idle cropland shown in Figure 35. The production of corn increases 
substantially in both the Upper Mississippi and the Ohio river basins. 
Other major interregional shifts in production for the Base Alternative 
are in cotton, where the Texas-Gulf Basin absorbs most of the national de­
crease in required acres. This basin also experiences large acreages in 
idle cropland. Soybean acres increase uniformly among the regions to pro­
duce the almost doubling of the required acres. Wheat shows a regional 
pattern very similar to the 1971-1973 data with the exception of the Mis­
souri River Basin which has a reduction of 8 million acres. This reduction 
is made up, in part, by a 5 million acre increase in the Souris-Red-Rainy 
Basin. Oat acreage decreases across the average since other crops dominate 
Table 35. Acreage for major crops by river basin for the Unrestricted 
Alternative 
River Basin Barl«y 
Major Crops 
Com Cotton 
Grain 
Hay^ Oats 
(000 acres) 
New England 0 0 0 234 58 
Mid Atlantic 912 1,691 0 1,073 19 
S. Atlantic-Gulf 1,488 2,321 769 340 
Great Lakes 459 9,199 0 1,344 462 
Ohio 1,175 9,391 0 1,434 3 
Tennessee 65 0 194 0 
Upper Mississippi 26,610 0 4,500 468 
Lower Mississippi 45 2,498 1,677 85 
Souris-Red-Rainy 562 2,983 0 0 0 
Missouri 3,534 2,456 0 20,812 4,588 
Ark.-White-Red 220 734 805 11,007 344 
Texas-Gulf 0 205 21 3,440 406 
Rio Grande 103 566 0 293 0 
Upper Colorado 62 0 0 364 0 
Lower Colorado 38 0 105 430 0 
Great Basin 89 0 0 386 0 
Col.-N. Pacific 104 0 0 2,467 0 
California 468 296 123 1,815 0 
U.S. Total" 7,726 55,729 5,873 52,239 6,772 
*Total of legume and nonlegume hays. 
°Total of sorghum and com silage. 
"^Totals may not add because of computer rounding. 
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Silage^ Sorghum Soybean Sugar Wheat 
Grain Beets 
(000 acres) 
159 0 0 0 0 
254 0 1,246 0 2,535 
1,179 0 10,320 0 1,361 
266 0 4,656 1,741 1,200 
221 0 12,359 0 1,626 
0 0 2,010 0 0 
136 223 24,709 0 268 
538 0 10,537 0 1,330 
0 0 3,157 0 9,082 
8,830 6,115 7,375 153 10,727 
5,160 3,433 5,770 0 7,725 
4,683 5,291 2,219 0 1,579 
278 0 0 0 2 
417 0 0 0 30 
332 41 0 0 53 
247 0 0 0 518 
523 0 0 0 5,243 
904 0 0 0 446 
24,129 15,103 84,358 1,894 43,722 
Table 36. Average Acreage for major crops by river basin, 1971-1973^ 
River Basin Barley Com 
Grain 
Cotton Hay Oats 
(000 acres) 
New England 1,090 39 
Mid Atlantic 373 1,825 3,550 407 
S. Atlantic-Gulf 119 4,417 1,563 2,007 281 
Great Lakes 55 5,075 4,645 1,452 
Ohio 116 9,093 3 5,043 640 
Tennessee 12 477 267 1,037 25 
Upper Mississippi 136 22,831 8,124 4,053 
Lower Mississippi 5 663 3,354 977 102 
Souris-Red-Rainy 2,567 399 2,026 1,977 
Missouri 3,378 14,503 18,133 4,407 
Ark.-White-Red 494 759 1,272 4,526 327 
Texas-Gulf 41 476 3,843 1,505 365 
Rio Grande 68 51 712 650 11 
Upper Colorado 64 45 910 19 
Lower Colorado 121 14 307 279 
Great Basin 213 2 1,021 13 
Col.-N. Pacific 1,368 95 3,455 199 
California 994 233 849 1,817 147 
U.S. Total 10,124 60,956 12,172 60,795 14,459 
^Source* (86). 
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Silage Sorghum 
Grain 
Soybean Sugar 
Beets 
Wheat 
(000 acres) 
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715 7 842 534 
612 217 4,133 636 
955 3 3,332 118 1,119 
617 96 7,081 1 1,679 
127 39 270 144 
1,889 110 14,901 34 1,572 
161 251 10,757 588 
216 535 144 4,758 
3,304 4,186 4,959 314 18,158 
1,630 3,383 1,251 39 12,064 
1,053 4,793 124 1,028 
94 341 1 27 
25 2 6 179 
23 160 192 
56 27 312 
162 265 4,398 
172 275 312 554 
12,027 13,863 48,185 1,261 47,942 
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the feed grains required and domestic and export demands are low. Sugar 
beet production is more concentrated in the Unrestricted Alternative. 
The national average yields of each crop are shown in Table 37 for the 
Unrestricted Alternative and for 1964 and 1969. These yields show more 
explicitly the structural changes built into the model. The increases in 
crop yield are large for some crops because of the technical advance in 
crop breeding and because the most competitive crops are produced on the 
highest quality lands available which have higher average yields. There­
fore, considerable increases in the national average yields of com, soy­
beans, barley, and oats are expected in the year 2000. The combination of 
high yields from better lands and the technical expansions in crop breeding, 
crop fertilization, and crop production techniques produce substantially 
higher average yields. Sediment control alternatives that limit the types 
of cropping technologies applied in various regions also decrease the aver­
age national yields. 
Agricultural Production as a Control for 
Stream Sediment Loads 
The alternative runs of the sediment transport model are designed to 
show the potential changes in stream sediment loads that result from modi­
fications in the agricultural production system. Reduced sediment loads 
are a result of the regional comparative advantage initiated by sediment 
control restraints which force changes in the regional technical composition 
of agricultural production. Those regions of the country which are least 
adversely affected by the environmental controls placed on sediment gain at 
the expense of both the consumer and the producers of other regions. The 
Table 37. National average crop yields for 1964, 1969, and the Unrestricted 
Alternative 
Crop Unit 1964 1969 Unrestrained 
Alternative 
Barley bu. 37,06 44.08 73.28 
Com Grain bu. 62 ,,<53 85.92 123.32 
Corn Silage tons 9.49 12.34 17.08 
Cotton bales 1.06 .91. 1.83 
Legume Hay tons 1 79* 2.19* 4.12 
Nonlegume Hay tons 1.79* 2.19* 3.28 
Oats bu. 52.37 b 65.39 
Sorghum Grain bu. 41.57 52790 56.23 
Sorghum Silage tons 9.49 12.34 15.60 
Soybeans bu. 22.46 27.20 40.38 
Sugar Beets tons 16.92 17.86 21.07 
Wheat bu. 25.40 29.4 38.69 
*Yleld for all hays. 
^Not available. 
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changes forced on agriculture by sediment goals effect income and produc­
tivity of farmers of each region differently. Thus, comparative advantage 
in the production of crop residuals is the controlling economic condition, 
interregionally, within the resource availability structure of each region, 
within the set of agricultural technologies. The use of the low erosive 
technologies of modified crop rotation systems, tillage practices, and con­
servation practice produces less erosion to be transported from each region. 
These erosion reduction activities are the core of sediment control in 
agriculture. 
From a policy standpoint, controls on the environmental effects of 
agricultural production are not easily quantifiable. Simply specifying a 
uniform code of acceptable farm residual discharge levels cannot deal with 
the inequities produced by the changing economic advantage of the production 
systems and regions. The alternatives considered in this section quantify 
national environmental goals within the framework of a spatially competi­
tive economic model. Therefore, each alternative expresses a national goal 
in a way that notes the regional differences in resource availability and 
erosion potential. 
This section attempts to answer some of the questions relevant tc 
potential environmental goals by comparing the linear programming solutions 
for the alternatives for controlling sediment to the Base or Unrestricted 
Alternative. These comparisons are in areas of sediment loads, soil loss, 
water supplies, land utilization, and coomodlty production. The changes 
are intraregional In that the composition of commodities produced and the 
required Inputs and technologies are altered for each region with each 
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sediment restraint Imposed. Similarly, Interregional changes in land utili­
zation result frcm restraining sediment loads. The locatlonal changes in 
production initiate other economic problems of concern to agriculture, 
particularly in the area of farm and regional income and resource availabil­
ity. 
Sediment loads 
The central purpose of this analysis Is to evaluate alternatives for 
the control of sediment loads through the agricultural system. The total 
national suspended sediment load for the four alternatives and the Unre­
stricted Alternative are shown in Table 38 . The total sediment load is 
reduced from this base level for all alternatives in sediment control. 
Sediment Alternative The Minimum Sediment Alternative 
requires sediment loads to be reduced to the minimum level possible using 
the production alternative of the model *?hile still meeting national demands 
at minimum total cost. This dual minimization requires first, minimi zing 
total sediment load in the model, and second, minimizing total national 
cost while meeting a national sediment load restraint set at the minimum 
level. The 318 million ton total national sediment load represents a re­
duction of 23.4 percent in the total sediment load from the Unrestricted 
Alternative and a reduction of 90.7 percent in the portion of the load con­
tributed by cropland agriculture. The absolute minimum sediment load if 
all erosion could be stopped on cropland is fixed at 308 million tons per 
year. This total is the sediment load from all exogenous sources. How­
ever, this level of load is net attainable even in the Minimum Sediment 
Alternative since all cropland erosion cannot be stopped. The total load 
Table 38. Total stream sediment loads by river basin for the alternatives for sediment control 
Percent 
Sediment Load for Alternatives for Sediment Control Sediment Base load 
River Unrestricted Minimum T-Llmlt PA-Llmit River for non- from 
Basin Sediment Basin cropland noncrop-
Limit erosion land 
only sources 
(000 tons) 
89. New England 1 ,703 1. 528 1: ,661 1, 667 1, 666 1, 519 2 
Mid Atlantic* 4 ,355 3, 790 4, 086 4, 223 4, 223 3, 695 84, .8 
S. Atlantic-Gulf* 11 ,298 10, 150 10. ,416 111 ,007 11, 006 9, 840 87, .1 
Great Lakes* 6 ,895 4, 839 5, 991 6, 433 6, 433 4, 584 66, ,5 
Ohio 51 ,535 43, 029 47, 065 49, 602 49, 602 41, 871 81. 2 
Tennessee 13 ,200 11, 128 11, 990 12, ,706 12, 706 10, 726 81. •3 
Upper Mississippi 120 ,593 69, 213 90, 710 109, ,757 107, 403 66, 410 55. 1 
Lower Mississippi 309 ,641 226, 332 274, 462 291, 240 291, 240 217, 635 70. 3 
Sour is-Red-Rainy* 1 ,018 533 903 897 897 412 40. 5 
Missouri 106 ,184 62, 899 81, ,367 97, ,145 92, ,216 60, ,991 57. ,4 
Ark.-White-Red 
Texas-Gulf 
Rio Grande* 
27 ,495 22, 789 24, 853 26, ,444 26, 443 22, 235 80. ,9 
12 ,543 9, 644 11, ,534 11. ,933 11, 932 9, 492 75. 7 
1 ,206 1, 138 1, 249 1, 189 1, 190 1, 123 93. ,1 
Upper Colorado^ 28 ,871 28, 439 28, 867 28, ,776 28, 776 28, 394 98. ,3 
Lower Colorado 
Great Basin 
2 ,119 2, 082 2, 107 2, 111 2, 111 2, 078 98. ,1 
5 ,342 5, 091 5, 323 5, 288 5, 289 5, 075 95. ,0 
Col.-N. Pacific* 
California 
15 ,468 11, 594 15, .393 14, ,657 14, 658 11, ,414 73. 8 
44 ,233 42, 354 44, 127 43, ,818 43, 818 42, ,158 95. ,3 
Total sediment outflow^ 415 ,024 31(1 „ 297 376, 451 393 ,671 393, 665 308, 252 74, ,3 
^sed In computing total sediment outflow. 
^Totals may not add because of computer rounding. 
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of Minimum Sediment Alternative shows that much of the stream sediment load 
from cropland agriculture can be eliminated. The minimum sediment load 
results in substantial changes in the agricultural economy in terms of crop­
land utilization, production technologies, and cost of production of the 
set of national comnodities demanded. These changes, as will be emphasized 
in other parts of this analysis, would eliminate many of the abuses of the 
national river system and reduce many of the costs associated with sediment 
as a pollutant. However, the cost of control may exceed the level society 
is willing to pay. 
On the individual river basin level, the changes in river basin 
sediment loads, also shown in Table 38 , give the reductions in individual 
basin loads required to meet the minimum national sediment load- Since the 
total national load is computed as the sum of the sediment outflow from the 
United States, the individual basins are not minimized, but rather the total 
national flow. This restraint results in sc=s interesting alterations in 
the river basin loads. Although no individual basins experience increases 
in sediment loads carried, some river basins, which are not substantial 
contributors to total sediment load, do not decrease substantially. This 
variation is illustrated in Figure 39 and Table 30 , The table converts the 
total sediment load of each river basin to sediment yield in tons per 
square mile per year- Under the Minimum Sediment Alternative the sediment 
yields are reduced in all river basins in the United States. Figure 31 
shows the changes graphically by PA. The major decreases in sediment yield 
are in the Missouri, the Upper Mississippi, and the Souris-Red-Rainy river 
basins. The first two basins are historically large contributors to total 
Table 39. Average annual sediment yield by river basin for the alternatives for sediment control 
Alternatives for Sediment Control 
River Unrestricted Minimum T-Limit PA-Limit River Basin 
Basin Sediment Limit 
(tons/square mile/year) 
New England 26.2 23.5 25.6 25.7 25.7 
Mid Atlantic 44.7 38.9 41.9 43.3 43.3 
S. Atlantic-Gulf 43.3 38.9 39.9 42.2 42.2 
Great Lakes 50.4 35.4 43.8 47.1 47.1 
Ohio 320.8 267.9 293.0 308.8 308.8 
Tennessee 305.2 257.3 277.2 293.8 293.8 
Upper Missippi 158.0 90.7 118.8 143.8 140.7 
Lower Mississippi 234.4 171.4 207.8 220.5 220.5 
Souris-Red-Rainy 18.4 9.6 16.3 16.2 16.2 
Missouri 182.0 107.8 139.4 116.5 158.0 
Ark.-White-Red 109.0 90.4 98.6 104.9 104.9 
Texas-Gulf 70.8 54.5 65.1 67.4 67.4 
Rio Grande 7.3 6.9 7.5 7.2 7.2 
Upper Colorado 170.7 168.1 170.7 170.1 170.1 
Lower Colorado 5.3 5.2 5.3 5.3 5.3 
Great Basin 21.1 20.1 21.0 20.9 20.9 
Col.-N. Pacific 39.4 29.5 39.2 37.3 37.3 
California 194.2 186.0 193.8 192.4 192.4 
U.S. Sediemnt Yield 116.8 89.6 106.0 110.8 110.8 
^Average of all contributing upstream river basins. 
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sediment loads, since almost all of the produced sediment flows directly 
into the Mississippi River and is transported to the Gulf of Mexico. In 
addition, the potential for change in sediment contributions through modi­
fied crop production systems is much more substantial in these areas than 
in any other except the Souris-Red-Rainy. In this latter basin, sediment 
contributions are added directly to the national total sediment load, since 
the basins' outflow is from the United States. Therefore, the reductions 
in sediment load made in this river basin impact immediately on the national 
total. The potential impact modifying crop production systems is very high 
in the Souris-Red-Rainy River Basin. 
In other areas, the reduction is not as high as in the upper Midwest. 
The Lower Mississippi, Arkansas-White-Red, and the Texas-Gulf river basins 
show some substantial changes in sediment yield. However, the potential 
reduction of river basin sediment load for these areas are not as high as 
those of the upper Midwest. This is accentuated in the last column of Table 
20 which gives the river basin percents of the sediment load in the Unre­
stricted Alternative that originates from noncropland sources. 
The shifts required to meet minimum sediment alternatives can be 
further pinpointed by comparing Figure 31 . This map gives the change from 
the Unrestricted Alternative in sediment yield by FA of the Minimum Sediment 
Alternative. The most obvious changes occur in the reduction of sediment 
yields in the upper Midwest as Illustrated earlier. The PA*s with the larg­
est change in sediment loads are those which have the largest agricultural 
contributors (see Figure 27). 
Three additional control alternatives are analyzed to help formulate 
intermediate approaches to sediment control with the Unrestricted and 
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the Minimum Sediment Alternatives setting lower and upper bounds on levels 
of control available through agriculture, the other alternatives offer some 
appraisal of different approaches to intermediate levels of control. This 
environmental control occurs at different levels which serve as guidelines 
in establishing the most important areas of interaction between society's 
demands for environmental action and the administration of the policies 
required to meet that demand. The three remaining alternatives impose sed­
iment restraints at different levels of control administration. First, the 
restraint is imposed directly on the farmer by requiring that no cropland 
can loose more than the established tolerance level for conserving the land. 
The second restraint is imposed at the subriver basin level requiring that 
each producing area reduce the cropland-originated sediment delivered from 
the area by 20 percent. The third restraint is placed at the river basin 
level where the river basin as a whole is required to reduce the sediment 
load from cropland sources by 20 percent. These last two alternatives 
result in essentially the same national total sediment load. However, the 
interregional changes in sediment load and resource use show that these two 
similar restraints affect production patterns differently. These differ­
ences are the results of the sediment transport system and the distribution 
of soil loss into sediment loads. Each PA is aggregated into the totals 
based on its natural contribution to these totals. 
T-Limit Alternative For the T-Limit Alternative, where agricultural 
crop production systems are limited to those that have average soil loss 
levels that do not exceed a conservational-renewal or T-level, the total 
national sediment load is reduced 9.4 percent to 376 million tons per year 
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from the unrestrained total load of 415 million tons per year (see Table 
38 ). This reduction in sediment loads shows the impact of a direct limit 
on production technologies. The soil loss limits reduce the available op­
tions for production by eliminating some of the highly erosive techniques 
which use conventional tillage and straight row practices. The eliminated 
technologies also have low cost relative to the technologies retained in 
the model and their removal has significant economic impact on the agricul­
tural system. 
For the individual river basins, the changes in total sediment load 
varies by the type and intensity of agriculture which remains available for 
farming practices. Table 38 shows the total sediment load at the 
point of outflow for each river basin. For the T-Limit Alternative, the re­
duction in sediment loads is not uniform, with at least one river basin 
actually experiencing an increase in basin sediment load. The regional 
changes in sedisient lead vary from a 2.7 percent increase in the Rio Grands 
Basin to a 24.8 percent decrease in the Upper Mississippi River Basins. 
This variation is illustrated in Table 39 which gives the sediment load in 
terms of sediment yield in tons per square mile per year for all lands, and 
Figure 32 which gives the change in sediment yield from the Base Alternative. 
Eliminating the less costly but more erosive production techonologies from 
the areas of the upper midwestem United States substantially reduces the 
sediment loads in these river basins and, aggregatively, in the Lower Mis­
sissippi River Basins where the sediment load is reduced by 24.8 percent. 
The T-limit has less control in reducing sediment load in both eastern 
states and in the Arkansas-White-Red River Basin and Texas-Gulf Basin where 
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the levels of reduction are from 2.3 percent to 9.5 percent. In the west-
em states, particularly the arid southwest, the impact is almost unnoticed. 
The sediment load increases by 2.7 percent in the Rio Grande Basin. 
The failure of this technical control to reduce sediment loads in the 
western river basins stems from two specific conditions. First, large por­
tions of these areas are devoted to noncropland uses, and therefore, cannot 
be affected by reduced soil loss limits placed on cropland production tech­
nologies (Figure 27). The second condition which reduces the impact 
of this control on sediment loads in the western river basins is that the 
areas are primarily arid. Therefore, few, if any, technologies have soil 
loss levels which exceed the tolerable soil loss limit placed on the model. 
This causes the model to retain most of the production technologies of the 
Unrestricted Alternative. This regional immunity to soil loss control is 
clearly a case of locational advantage. In fact, the advantage is such 
that in the Rio Grande River Basin the level of sediment production is in­
creased because of increased intensity in cropland utilization in the area. 
The sediment yield by the individual PA is shown in the map of Figure 
33 . This figure continues to show the decreases in sediment transported 
noted in Figure 32 . The change in sediment yield is more uniform across 
the eastern and midwestem states than in the west. 
PA-Limit Alternative The PA-Limit Alternative impacts less directly on 
the individual farmer and allows the specific crop production alternatives 
used to produce the demanded crops to be selected based on a reduction of 
the sediment load for each PA from the levels experienced in the Unrestricted 
Alternative. Obviously, this alternative reduces both the river basin and 
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national total sediment loads by restraining the sediment load in each PA 
proportionately. The total national sediment load for this alternative is 
294 million tons annually. This load is a reduction of 5.1 percent from 
the total sediment loads experienced in the Unrestricted Alternative and 
20 percent of the total cropland contributions. This reduction is made at 
relatively low total cost both in terms of disturbances to the production 
mechanism and the cost to consumers. By river basins, the changes are again 
varied depending upon the basin analyzed. The sediment loads and the sedi­
ment yields for each basin are shown in Tables 39 and 40 . Using Figure 34 
as the basis of analysis, only small changes are noted in river basin sedi­
ment load, except in the Souris-Red-Rainy Basin where the one PA is also 
the river basin. The potential for sediment load reduction is exceptionally 
high in this area, as noted in the discussion of the previous alternatives. 
From the viewpoint of the PA's, the changes in sediment load are 
distributed differently thar. in the Unrestricted Alternative as shcxro in 
Figure 35. Small changes of from 1 to 10 percent occur in the sediment load 
for all PA'S in the United States except for the Colorado and Great Basin 
which are essentially unchanged. 
River Basin Limit Alternative The fifth alternative in sediment 
control is the River Basin Limit Alternative. This alternative requires a 
20 percent reduction in the Base Alternative sediment load to occur at each 
river basin outflow. The composition of agricultural production and the 
distribution of sediment sources within the river basins is not restrained. 
This alternative simulates a goal of reducing sediment load at specific con­
trol points identified as river basin outflows. 
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The total national sediment load is essentially identical to the total 
load for the PA-Limit Alternative. This load again represents a reduction 
of 5.1 percent in the total load and 20 percent in the cropland-originated 
load. The regional and technical composition of these changes varies for 
the two alternatives. 
Figure 36 shows a map of the changes in the river basin sediment load 
between the Unrestricted Alternative and the River Basin Limit Alternative 
being considered. Some substantial changes exist in the sediment loads for 
the three river basins for the upper midwestem United States which have 
the highest potential for sediment control in agriculture. The 20 percent 
reduction required in each river basin reduces the sediment load of the 
Upper Mississippi at St. Louis, Missouri by 12.3 percent. This reduction 
includes a 13.2 percent reduction in total basin sediment load for the Mis­
souri River Basin. Other areas experience small reductions similar to those 
of the PA-Limic Alteraative. The sers significant impact in the upper Mid­
west results from the utilization of lands which are idle in the Unrestricted -
Alternative reducing the erosion from these lands. 
The sediment yields at the PA level shown in Figure 37 have more 
variation than do those of the PA-Limit Alternative indicating more freedom 
within the interregional framework for allocating production to the specific 
areas of higher productivity. 
Cropland utilization under sediment control alternatives 
The uses and technologies applied to the cropland determine the 
sediment load of each area of the United States. These land uses are 
to 
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summarized by national and regional totals, conservation and tillage prac­
tices, and land quality classes for each sediment control alternative. 
Minimum Sediment Alternative Table 40 gives the total national 
cropland required for the Minimum Sediment Alternative. The total use of 
land increases dramatically for the Minimum Sediment Alternative. The total 
active cropland acres increases by 17.5 percent to near maximum acreage. 
This increase is prompted by the need for more acreage in production to off­
set the crop yield decrease caused by moving to the less erosive conserva­
tion and tillage practices. These expanded land requirements are met from 
lower quality lands, thus, requiring proportionally more acres. A second 
effect causes the expanded demand for cropland in the cropping of land for 
no other purpose than to reduce erosion. In the Minimum Sediment Alterna­
tive, excess commodities such as hays are produced specifically to reduce 
the erosion of idle lands (Table 42 ). The overall increase in haylands 
^ g  ^t- —  ^ m»  ^  ^A ^ «m ^ n f O * ^ O O 
of hays. Summer fallow acreages are substantially reduced while the use of 
land in producing close-grown crops is increased. The erosive potential 
of summer fallow land and the soil conserving properties of close-grown 
small grain crops are emphasized by these acreage changes. For row crops, 
the total required acreage is not changed much, only about 2 percent since 
the demand for row crop commodities is not reduced. The composition of 
commodity demands is such that large acreages of row crops are required for 
all alternatives. However, the location and use of land among crops and 
regions does change significantly. 
Table 40. Total active cropland use by river basin for the alternatives for sediment 
control. 
River Alternatives for Sediment Control 
Basin Unrestricted Minimum T-Limit PA-Limit River Basin 
Sediment Limit 
(000 tons) 
New England 451 1,045 512 467 517 
Mid Atlantic 7,730 8,421 7,635 7,785 7,774 
S. Atlantlc-€ulf 17,778 19,053 16,302 17,690 17,620 
Great Lakes 19,327 21,013 19,828 19,482 19,509 
Ohio 26,209 28,516 26,509 26,226 25,834 
Tennessee 2,268 3,276 2,543 2,174 2,121 
Upper Mississippi 56,913 60,273 57,339 57,022 56,913 
Lower Mississippi 16,709 18,267 9,977 16,807 16,709 
Sourls-Red-Ralny 17,102 18,503 17,481 17,211 1,730 
Missouri 71,018 92,184 78,276 75,448 70,735 
Ark.-White-Red 35,999 41,909 36,477 36,778 35,869 
Texas-Gulf 17,843 22,449 18,288 18,184 17,677 
Rio Grande 1,244 2,210 1,201 1,434 1,372 
Upper Colorado 873 1,169 927 921 895 
Lower Colorado 1,000 1,173 1,091 1,024 1,035 
Great Basin 1,415 2,094 1,422 1,531 1,523 
Col.-N. Pacific 10,700 14,865 10,326 10,936 10,564 
California 4,232 6,363 4,513 4,608 4,348 
United States ^  308,809 362,784 310,647 315,729 308,317 
^Totals may not add due to computer rounding. 
Table 41. Total idle cropland by river basin for the alternatives for sediment control 
Alternatives for Sediment Control 
River Unrestricted Minimum I'-Limit PA-Limit River Basin 
Basin Sediment Limit 
(000 acres) 
New England 594 0 532 578 528 
Mid Atlantic 690 0 785 635 646 
S. Atlantic-Gulf 1,629 354 3,105 1,717 1,787 
Great Lakes 1,686 0 1,184 1,531 1,504 
Ohio 2,837 530 2,537 2,819 3,212 
Tennessee 1,252 245 978 1,347 1,400 
Upper Mississippi 3,360 0 2,933 3,251 3,360 
Lower Mississippi 1,653 95 8,385 1,555 1,654 
Souris-Red-Rainy 1,400 0 1,022 1,292 1,201 
Missouri 21,489 323 14,230 17,059 21,772 
Ark.-White-Red 5,936 26 5,458 5,157 6,066 
Texas-Gulf 4,606 0 4,161 4,265 4,773 
Rio Grande 966 0 1,009 776 839 
Upper Colorado 296 0 241 247 275 
Lower Colorado 173 0 82 148 138 
Great Basin 679 0 672 563 571 
Col.-N. Pacific 4,165 0 4,539 3,929 4,301 
California 2,131 0 1,850 1,755 2,015 
U.S. Total* 55,550 1,575 53,713 48,630 56,042 
^Totals may not add because of rounding error. 
239 
The regional aggregations of cropland into the four general categories 
of row crops, close-grown crops, all hay crops, and summer fallow are shown 
in Table 42, by river basins. Table 42 also shows the percentage of the 
total active cropland in each river basin that falls into each of these 
categories. Comparing this table to Table 26 for the Unrestricted Alterna­
tive shows the vast changes in the composition of cropland agriculture re­
quired to meet the demands for minimum sediment loads. Major increases in 
row crop production occur in the Souris-Red-Rainy, Missouri, Arkansas-White-
Red, Great Basin, and California-South Pacific basins, while decreases in 
row cropland greater than 25 percent occur in the New England, Great 
Lakes, Ohio, Upper Mississippi, and the Lower Colorado river basins (Figure 
38 ). These changes for the Minimum Sediment Alternative result from shifts 
to hay and close-grown crops in the river basins with more erosive soils 
while the less erosive soils in the arid West increase in row crop acres. 
The decrease in row crop acreage in the Lower Colorado basin results frcs 
an increased requirement for hay forage and small grains to augment the 
sizeable increase in livestock production in the area under the Minimum Sed­
iment Alternative. The expansion of close-grown crops and hay lands are 
most significant in the Upper Mississippi and the Missouri river basins. 
In the Missouri basin these increases in close-grown crops accompany an in­
crease in row crops, all expanding into the large areas of land left idle 
in the Unrestricted Alternative. In the Upper Mississippi River Basin, the 
increase in close-grown crops accompanies a decrease in the use of row crops-
The use of crop production technologies in the Minimum Sediment 
Alternative to reduce the level of sediment loads augment the regional and 
Table 42. Total active cropland by primary use by river basin for the Minimum Sediment Alternative 
River 
Basin 
Row 
a 
crops Close 
b 
grown All hays^ Summer fallow 
Acres Percent 
Total 
of Acres Percent 
Total 
of Acres Percent 
Total 
of Acres Percent of 
Total 
(000 acres) (000 acres) (000 acres) (000 acres) 
New England 1 0 165 16 879 84 0 0 
Mid Atlantic 3,044 36 1,699 20 3,678 44 0 0 
S. Atlantic-Gulf 15,577 82 635 3 2,840 15 0 0 
Great Lakes 11,300 54 4,227 20 5,486 26 0 0 
Ohio 10,196 57 9,003 32 3,257 11 0 0 
Tennessee 1,958 60 397 12 921 28 0 0 
Upper Mississippi 42,036 70 10 443 17 7,794 13 0 0 
Lower Mississippi 7,362 40 3,271 18 7,634 42 0 0 
Souris-Red-Rainy 13,689 74 2,385 13 2,429 13 0 0 
Missouri 33,346 36 23,245 25 33,345 36 2,248 2 
Ark.-White-Red 23,215 55 8,460 20 10,234 24 0 0 
Texas-Gulf 10,491 47 1,873 8 10,086 45 0 0 
Rio Grande 968 44 279 12 970 44 0 0 
Upper Colorado 434 37 379 32 356 30 0 0 
Lower Colorado 166 14 244 21 761 65 0 0 
Great Basin 402 19 545 26 1,148 55 0 0 
Col.-N. Pacific 566 4 8,716 59 5,581 38 3 0 
California 2,628 41 1,639 26 2,063 32 33 1 
U.S. Total^ 103,379 51 77,659 21 99,460 27 2,286 1 
*Row crops are corn,, cotton, sorghum, «ugar beets, and soybeans. 
Close grown crops are barley, wheat, oats • 
^All hay crops are rotation legume and nonlegume hays. 
^Totals may not add because of computer rounding. 
25 percent or more 
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Figure 38. Change in active cropland in row crops by river basin for the Minimum 
Sediment Alternative 
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land use variations previously specified. In the Minimum Sediment Alter­
native, the shift of cropland to reduced tillage and terracing activities 
dominates the production technologies used on cropland to reduce the sedi­
ment load as shown in Table 43. The significant increase in the use of 
straight row technologies is a result of the increase in row crop produc­
tion in the western areas. The combined analysis of Tables 44 through 46 
shows that for the Minimum Sediment Alternative extreme changes in land use 
toward the use of reduced tillage practices are required to reduce total 
national sediment load by 25 percent. 
The use of land by land quality class is shown in Table 47. Since 
the Minimum Sediment Alternative requires the use of almost all available 
land, large increases are shown in the use of the lower quality lands. 
This expanded land use results from the shifting to conservation and tillage 
practices which reduce sediment loads and decrease the average crop yield. 
The average soil loss, even on the lower quality lands, is reduced by the 
application of these production technologies, although at decreased yields. 
T-Limit Alternative For the T-Limit Alternative the implication of 
soil loss control requires some expansion of the total active cropland re­
quired. The increase of cropland requirements to 311 million acres is made 
up of a slight decrease in row crop production and an increase in the acre­
ages of close-grown and hay crops (Table 48). The location of idle 
land (Table 41) is significantly different only in the Missouri River Basin 
where it is reduced by some 7 million acres. Table 48 illustrates that the 
national requirements for row crops is relatively constant, however, the 
regional distribution of this land changes dramatically. The changes in the 
Table 43. National total acres and percent of total available cropland 
in conservation and tillage treatments for the alternatives 
for sediment control 
Alternatives for Sediment Control 
Land Use Unrestricted Minimum Sediment 
(000 acres) (Percent) (000 acres) (Percent) 
Straight Row 94,097 25.8 65,666 18.0 
con. til. Residue Removed 30,044 8.2 24,222 6.6 
con. til. Residue Left 35,810 9.8 16,314 4.5 
reduced tillage 28,243 7.8 25,130 6.9 
Contour Cropping^ 112,380 30.8 126,911 34.8 
con. til. Residue Removed 7,003 1.9 17,663 4.8 
con. til. Residue left 55,078 15.1 21,760 6.0 
reduced tillage 50,299 13.8 87,488 24.0 
Strip Cropping^ 68,684 18.9 5,831 1.6 
con. til. Residue Removed 5,924 1.6 2,070 .6 
con. til. Residue Left 27,665 7.6 3,524 1.0 
reduced tillage 35,095 9.6 237 .1 
Terracing^ 33,642 9.2 164,370 45.1 
con. til. Residue Removed 5,337 1.5 12,880 3.5 
con. til. Residue Left 26,329 7.2 37,751 10.4 
reduced tillage 1,976 .5 113,739 31.2 
Total Cropland^ 308,803 84.8 362,778 99.6 
^Totals may not add because of computer rounding. 
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Alternatives for Sediment Control 
T-Limit PA-Limit River Basin Limit 
(000 acres) (Percent) (000 acres) (Percent) (000 acres) (Percent) 
63,396 17.4 80,019 22.0 81,898 22.5 
20,668 5.7 27,112 7.4 29,364 8.1 
17,452 4.8 28,964 7.9 32,611 9.0 
25,276 6.9 23,943 6.6 19,923 5.5 
111,002 30.5 109,509 30.1 107,351 29.5 
7,884 2.2 7,638 2.1 6,976 1.9 
46,388 12.7 48,691 13.4 44,861 12.3 
56,730 15.6 53,180 14.6 55,514 15.2 
61,740 16.9 81,879 22.5 83,385 22.9 
4,572 1.3 8,382 2.3 6,547 1.8 
25,510 7.0 34,314 9.4 36,383 10.0 
31,658 8.7 39,183 10.8 40,455 11.1 
74,503 20.4 44,315 12.2 35,677 9.8 
13,632 3.7 6,324 1.7 5,841 1.6 
45.645 12.5 35,053 9.6 28,221 7.7 
15,226 4.2 2,938 .8 1,615 .4 
310,641 85.2 315,722 86.7 308,311 84.6 
Table 44. Total acroage In conventional tillage - residue left cropping practices by river 
basins for the alternatives for sediment control 
River Alternatives for Sediment Control 
Basins Unrestricted Minimum T-Llmit PA-Limit River Basin 
Sediment Limit 
(000 acres) 
New England 0 35 0 1 0 
Mid Atlantic 2,777 2,345 2,046 2,516 2,586 
S. Atlantic-Gulf 10,411 9,592 4,757 9,419 9,342 
Great Lakes 1,884 228 1,808 1,925 1,951 
Ohio 2,712 1,935 2,596 2,199 1,805 
Tennessee 1,943 0 1,627 1,943 1,943 
Upper Mississippi 3,280 0 640 1,211 3,456 
Lower Mississippi 11,805 7,308 6,043 11,670 10,849 
Souris-Red-Rainy 17,101 359 17,480 17,210 17,300 
Missouri .•>0,102 27,521 36,999 55,280 49,818 
Ark.-White-Red :>8,789 18,623 27,950 28,165 28,683 
Texas-Gulf 13,159 9,526 12,317 14,091 13,099 
Rio Grande 568 1,618 644 1,049 901 
Upper Colorado 0 39 0 0 0 
Lover Colorado 40 3 0 30 30 
Great Basin 0 0 0 0 0 
Col.-N. Pacific 0 92 0 0 0 
California 296 110 256 296 296 
United States* 144,882 79,349 134,995 147,022 142,076 
^Totals may not add because of computer rounding. 
Table 45. Total acreage In conventional tillage-residue removed cropping practices by river 
basins for the alternatives for sediment control 
River Alternatives for Sediment Control 
Basins Unrestricted Minimum T-Limit PA-Limit River Basin 
Sediment Limit 
(000 acres) 
New England 450 1,007 510 463 516 
Mid Atlantic 253 1,225 720 181 211 
S. Atlantic-Gulf 1,958 731 4,425 2,364 2,287 
Great Lakes 648 2,379 848 507 488 
Ohio 735 13 949 687 361 
Tennessee 0 0 181 0 0 
Upper Mississippi 2,206 142 2,531 3,069 2,376 
Lower Mississippi 537 0 0 210 537 
Souris-Red-Rainy 0 44 0 0 0 
Missouri .13,041 11,449 8,890 11,993 13,043 
Ark.-White-Red 5,230 6,583 4,676 6,502 5,817 
Texas-Gulf 4,682 7,241 4,867 4,090 4,576 
Rio Grande 675 591 554 384 469 
Upper Colorado 873 1,129 927 920 894 
Lower Colorado 958 1,169 1,090 993 1,004 
Great Basin 1,414 2.,093 1,421 1,529 1,522 
Col.-N. Pacific 10,698 14,771 10,325 10,935 10,563 
California 3,934 6,252 4,255 4,311 4,051 
United States a 48,308 56,835 46,756 49,456 48,728 
^Totals may not round because of computer rounding. 
Table 46. Total acreage in reduced tillage cropping practices by river basins for the 
alternatives for sediment control. 
Xiver Alternative for Sediment Control 
Basins Unrestricted Minimum T-Llmlt PA-Llmlt River basin 
Sediment Limit 
(000 acres) 
New England 0 0 0 0 0 
Mid Atlantic 4,695 4,845 5,295 5,084 4,972 
S. Atlantic-Gulf 5,405 8,726 7,113 5,901 5,987 
Great Lakes 16,791 18,401 17,168 17,046 17,067 
Ohio 22,757 26,564 22,957 23,336 23,664 
Tennessee 323 3,274 732 2,170 175 
Upper Mississippi 51,422 60,130 54,164 52,737 51,076 
Lower Mississippi 4,365 10,955 3,930 16,593 5,320 
Souris-Red-Ralny 0 18,098 0 0 0 
Missouri 7,870 56,049 12,568 7,869 7,869 
Ark.-White-Red 1,974 16,699 3,846 2,106 1,364 
Texas-Gulf 0 5,677 1,100 0 0 
Rio Grande 0 0 0 0 0 
Upper Colorado 0 0 0 0 0 
Lower Colorado 0 0 0 0 0 
Great Basin 0 0 0 0 0 
Col.-N. Pacific 0 0 0 0 0 
California 0 0 0 0 0 
United States^ 115,613 226,594 128,890 119,244 117,507 
^Totals may not add because of computer rounding. 
Table 47. National total cropland use and average soil loss by land quality 
class for the alternatives for sediment control 
Land Unrestricted Alternative Minimum Sediment 
Quality Cropland Average Cropland Average 
Class Use Soil Loss Use Soil Loss 
(000 acres) (tons/acre) (000 acres) (tons/acre) 
I 34,201 6.5 34,382 1.4 
lie 76,216 3.4 77,104 .4 
lis, lie, IIw 81,936 2.8 84,182 1.1 
Ille 59,312 8.0 67,587 .4 
Ills, IIIc, IIIw 37,590 6.2 48,454 1.6 
IVe 15,801 9.3 28,750 .6 
IVs, IVc, IVw 2,424 4.4 9,136 .9 
all V 20 .7 873 1.7 
all VI, VII, VIII 1,296 5.9 12,302 5.9 
United States Total^ 308,808 4.95 362,782 1.02 
may not add because of computer rounding. 
249 
T-Limit PA-Limit Alternative River Basin Limit Alternative 
Cropland Average Cropland Average Cropland Average 
Use Soil Loss Use Soil Loss Use Soil Loss 
(000 acres) (tons/acre) (000 acres) (tons/acre) (000 acres) (tons/acre) 
33,962 2.8 34,280 6.1 34,374 6.5 
76,937 1.6 76,401 2.5 76,084 2.6 
83,529 2.1 83,638 2.8 80,355 2.8 
61,920 1.3 59,996 5.1 61,322 5.5 
34,349 2.0 39,272 4.6 37,175 5.6 
16,375 1.2 17,557 3.2 15,272 8.2 
2,794 2.4 2,921 3.3 2,393 4.2 
20 .7 82 .8 21 .7 
749 2.2 1,596 6.1 1,310 5.9 
310,645 1.85 315,727 3.74 308,317 4.33 
Table 48. Total active cropland by primary use by river basin for the T-Llmlt Alternative 
Row Crop* Close Grown Crops^ All Hay Crops^ Summer Fallow 
River Acreage Percent Acreage Percent Acreage Percent Acreage Percent 
Basin of of of of 
Active Active Active Active 
Crop­ Crop­ Crop­ Crop­
land land land land 
(000 acres) (000 acres) (000 acres) (000 acres) 
New England 76 15 97 19 339 66 0 0 
Mid Atlantic 2,888 38 3,650 48 1,096 14 0 0 
S. Atlantic-Gulf 12,503 77 1,920 12 1,879 12 0 0 
Great Lakes 15,581 79 2,380 12 1,867 9 0 0 
Ohio 21,572 81 3,436 13 1,501 6 0 0 
Tennessee 2,031 80 45 2 468 18 0 0 
Upper Mississippi 48,747 85 2,932 5 5,661 10 0 0 
Lower Mississippi 8,002 80 652 7 1,323 13 0 0 
Souris-Red-Ralny 10,929 63 6,457 37 0 0 95 1 
Missouri 31,774 41 21,267 27 20,932 27 4,304 5 
Ark.-White-Red 16,156 44 7,699 21 12,059 33 563 2 
Texas-Gulf 12,299 67 2,485 14 3,503 19 0 0 
Rio Grande 605 50 154 13 441 37 0 0 
Upper Colorado 441 48 84 9 403 43 0 0 
Lower Colorado 573 53 88 8 430 39 0 0 
Great Basin 313 22 614 43 347 24 148 10 
Col.-N. Pacific 506 5 5,179 50 2,721 26 1,920 19 
California 1,285 28 973 22 1,946 43 309 7 
U.S. Total^ 186,281 60 60,111 19 56,916 18 7,338 2 
j|Row crops are corn, cotton, sorghum, sugar beets, and soybeans. 
Close grown crops are barley, wheat, and oats. 
^'All hay crops are rotation legume and nonlegume hays. 
Totals may not add because of computer rounding. 
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regional distribution of row crops is shown in Figure 39. Dramatic in­
creases occur in the Missouri, Souris-Red-Rainy, and Great Basins to com­
pensate for the production technologies removed from the model. Small 
changes in conventional tillage-residue left and reduced tillage acreage 
offset each other as shown in Tables 43 and 46. Straight row and strip 
cropping acres are replaced by large increases in terracing (Table 43). 
The regional distribution of the tillage practices is shown in Tables 44 
to 46. From the land quality class standpoint, extremely small substitu­
tions occur helping to reduce soil loss. 
PA-Limit Alternative The total use of cropland for this alternative 
is about 2.2 percent higher than in the Unrestricted Alternative at 315 mil­
lion acres as shown in Table 43. The composition of these croplands shows 
some change from the base, however, in that croplands have decreased while 
land in both close-grown crops and hays increase. At the same time, summer 
fallow acreages increase to 13.9 million acres. The increase in total acre­
age indicates that placing of sediment restraints on every PA causes some 
changes in each area such that land use is increased to reduce total sedi­
ment loss. The largest increase in land use occurs in the Missouri River 
Basin which has an increase of almost 5 million in total acres. This in­
crease is a large portion of the national total increase (Table 40). The 
changes in the composition of croplands are shown in Table 49. Total row 
crops now compose 59 percent of the cropland. This is a 2 percent decrease 
from the national total for the Unrestricted model. However, it is offset 
by increases in the acreages of close-grown and hay land crops. Figure 40 
shows that the changes in row crop production is not uniform since decreases 
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Figure 39. Change in active cropland in row crops by river basin for the T-Limit 
Alternative 
Table 49. Total active cropland by primary use by river basin for the PA-Llmit Alternative 
Row Crop^ Close Grown Crops^ All Hay Crops'^ Summer Fallow 
River Acreage Percent Acreage Percent Acreage Percent Acreage Percent 
Basin of of of of 
Active Active Active Active 
Crop­ Crop­ Crop­ Crop­
land land land land 
(000 acres) (000 acres) (000 acres) (000 acres) 
New England 121 26 76 16 270 58 0 0 
Mid Atlantic 3,039 39 3,696 47 1,050 13 0 0 
S. Atlantic-Gulf 15,488 88 1,589 9 613 3 0 0 
Great Lakes 15,643 80 2,406 12 1,433 7 0 0 
Ohio 21,860 83 2,656 10 1,710 7 0 0 
Tennessee 2,035 94 11 0 128 6 0 0 
Upper Mississippi 50,167 88 925 2 5,930 10 0 0 
Lower Mississippi 13,141 78 1,335 8 2,330 14 0 0 
Sour is-Red-Rainy 6,057 35 9,156 53 0 0 1,998 12 
Missouri 26,061 35 20,860 28 21,184 28 7,343 10 
Ark.-White-Red 16,087 44 9,279 25 10,122 28 1,290 4 
Texas-Gulf 11,696 64 3,102 17 3,387 19 0 0 
Rio Grande 900 63 154 11 380 26 0 0 
Upper Colorado 433 47 107 12 371 40 10 1 
Lower Colorado 472 46 109 11 442 43 2 0 
Great Basin 173 11 678 44 384 25 296 19 
Col.-N. Pacific 443 4 5,477 50 2,403 22 2,612 24 
California 1,240 27 1,174 25 1,876 41 319 7 
U.S. Total^ 185,056 59 62,789 20 54,015 17 13,869 4 
*Row crops are corn, cotton, sorghum, soybeans, and sugar beets. 
Close grown crops are barley, oats, and wheat. 
jAll hay crops are rotation legume and nonlegume hays. 
Totals may not add because of computer rounding. 
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in row crop acreages occur in the eastern and western river basins and in­
creases occur in the middle of the country. The increase noted in the Mis­
souri River Basin suggests that the increase in total cropland acres in the 
area is used to offset the decreasing row crop acreages of other river ba­
sins- The activation of this formerly idle cropland is utilized in low 
cropland acreages to low sediment loads. 
Although idle cropland reduces to about 48 million acres for this 
alternative, changes in the national totals for tillage and conservation 
practices do not indicate sizeable changes in the use of most practices. 
Table 43 shows that a slight increase in the total acres in all tillage 
practices occurs. However, for the conservation practices of straight row, 
practices decrease with the offsetting increase in both strip cropping and 
terracing. Total terracing acres are up to about 44 million, an increase 
of 31.7 percent (Table 43). 
The regional composition of land use by tillage practice in Table 
shows a substantial increase of 280 percent in reduced tillage acres in the 
Lower Mississippi River Basin. This shift in land use is significant in 
reducing total soil loss in the region. The increased acreage of the Mis­
souri River Basin is used in conventional "tillage-residue left practices in 
this low erosive area to augment row crop production. Table 47 shows that 
the increases in the total land use occur on most land quality classes with 
larger increases on land classes lis, lie, IIw, Ills, IIIc, and IIIw which 
are potentially erosive, but proper control will augment crop production 
without decreasing water quality. 
256 
River Basin Limit Alternative Total land use for this alternative 
is about .2 percent less than in the Base Alternative. Slight changes have 
occurred in the composition of row crops and close-grown crops. However, 
none of the changes are large. Table 50 shows that total summer fallow 
acreage is slightly increased for the nation as a whole. The regional dis­
tribution of row crops increases significantly only in the New England 
River Basin with a 27.7 percent increase in row crop acres. In other areas 
relatively small percentage changes in acreage are required to balance 
national production to meet the soil loss restraint (Figure 41). The use 
of tillage practices is changed very little from the base run. However, 
conservation requires a shift from straight row to strip cropping tech­
nologies. This alternative does not increase the use of terracing as in 
other alternatives, thus reducing the total costs of crop production. This 
is possible since the river basin sediment load restraint allows more ver­
satility in choosing the method of reducing sediment. Therefore, depending 
on the sediment delivery system, the sediment load in some PA's may be in­
creased while other areas serve as "control areas" and are decreased to 
maintain stream sediment loads. This type of choice is not available on 
the intrariver basin level for the PA-Limit Alternative. Without this op­
tion, expensive technologies are required to reduced sediment loads. 
Soil loss 
The alternatives in sediment control depend primarily on the adjustment 
in land use related to crop production to provide the mechanism for reduced 
sediment loads. The national average soil loss rates for the five alter­
natives are. shown in Figure 42. For the Unrestricted Alternative, the 
Table 50. Total active cropland by primary use by river basin for the River Basin Limit Alternative 
Row Crop^ Close Grown Crops'' All Hay Crops^ Summer Fallow 
River Acreage Percent Acreage Percent Acreage Percent Acreage Percent 
Basin of of of of 
Active Active Active Active 
Crop­ Crop­ Crop­ Crop­
land land land land 
(000 acres) (000 acres) (000 acres) (000 acres) 
New England 219 42 66 13 232 45 0 0 
Mid Atlantic 2,985 38 3,677 47 1,112 14 0 0 
S. Atlantic-Gulf 15,108 86 1,707 10 805 5 0 0 
Great Lakes 15,786 81 2,305 12 1,418 7 0 0 
Ohio 21,925 85 2,465 10 1,445 6 0 0 
Tennessee 2,015 95 0 0 105 5 0 0 
Upper Mississippi 51,435 90 818 1 4,660 8 0 0 
Lower Mississippi 13,828 83 981 6 1,900 11 0 0 
Souris-Red-Rainy 6,443 37 9,491 55 0 0 1,367 8 
Missouri 24,880 35 18,391 26 21,035 30 6,428 9 
Ark.-White-Red 15,702 44 8,827 25 10,217 28 1,124 3 
Texas-Gulf 12,433 70 1,885 11 3,359 19 0 0 
Rio Grande 838 61 121 9 413 30 0 0 
Upper Colorado 417 47 103 11 364 41 11 1 
Lower Colorado 503 49 102 10 430 42 0 0 
Great Basin 331 15 661 43 402 26 229 15 
Col.-N. Pacific 525 5 5,367 51 2,515 24 2,157 20 
California 1,289 30 968 22 1,874 43 218 5 
U.S. Total^ 186,562 61 57,935 19 52,287 17 11,534 4 
^Row crops are corn, cotton, sorghum,, soybeans, and sugar beets. 
Close grown crops are barley, oats, and wheat. 
^All hay crops are rotation legume and nonlegume hays. 
Totals may not add because of computer rounding. 
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Figure 41. Change in active cropland 
Basin Limit Alternative 
in row crops by river basin for the River 
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average soil loss is 4.95 tons per acre per year. However, in the Minimum 
Sediment Alternative, the average soil loss is reduced to 1.02 tons per 
acre. This reduction is commensurate with the level of sediment load con­
trol actually obtained. In the T-Limit Alternative, the national average 
soil loss is 1.85 tons per acre, somewhat higher than the level obtained 
for the sediment minimization process. The smaller levels obtained for 
both the PA-Limit and River Basin Limit alternatives are relatively small 
reductions from the base level. The PA-Limit and River Basin Limit alter­
natives average soil losses of 3.79 and 4.33 tons per acre, a sizeable dif­
ference considering that both obtain the same national sediment loads and 
differ only slightly for the river basin loads. This difference represents 
the severity of the impact of the intermediate control placed by the PA-
Limit Alternative. Although both alternatives achieve the same level of 
control, the primary changes required to obtain the control are much dif­
ferent. The utilization of the comparative advantage resulting from the 
regional structure of the stream transport system allows the River Basin 
Limit to change land use patterns among the PA's of the river basin apply­
ing the best cropping alternatives of each to obtain the sediment control 
desired. In the case of the PA-Limit Alternative, no such comparative ad­
vantage exists since each PA is required to reduce the load proportionately. 
The method for obtaining the control is partially illustrated in the 
previous sections on land use. The results of these modifications in land 
use structure is shown in Figure 43, where the total soil loss for each 
alternative is divided among the four conservation practices. These prac­
tices are mechanisms utilized to manage the sediment loads in all cases. 
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For the three tillage practices, the total soil loss divides as in Figure 
44. The larger percentage of total soil loss now comes from lands in re­
duced tillage in the Minimum Sediment Alternative. However, the average 
soil loss is very low. For the other alternatives the soil loss from 
minimum tillage is also in the high proportion, but does not utilize the 
terracing to keep the average soil loss low. 
The average soil loss on active cropland in each PA is shown in Figure 
44 for the Minimum Sediment Alternative. Compared to Figure 45, Figure 29 
shows that all areas have decreased in average soil loss with most areas 
below six tons per acre on the average. Some areas, however, still have 
rather high soil loss rates which result from the use of more erosive soils 
and cropping techniques. This alternative allows some areas to have higher 
soil loss rates because the national total sediment load is minimized and 
not individual river basins or PA's. A particularly high average soil loss 
rate is observed in PA 37, however, almost none of this erosion reaches 
the Gulf of Mexico because of the high trapping efficiency of the reservoirs 
on the Tennessee River. 
In the T-Limit Alternative, the soil loss rates for the individual PA's 
srs even more uniform since a limit on allowable soil loss restricts the 
area average below the range of the graph in most areas. No individual PA's 
may come above the level of the restriction in the Minimum Sediment Alter­
native. These data are shown in Figure 46. The PA-Limit Alternative 
places restrictions on the PA sediment outflow, not the soil loss level in 
the PA. When comparing Figure 47 with Figure 29 , the average soil loss in 
all PA'S has been reduced but not as much in the two previous alternatives. 
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Figure 48 gives the same data for the River Basin Limit. The average soil 
loss levels are very different from either the Base or PA-Limit alternatives. 
In this case, somewhat higher soil loss levels are obtained in some PA's 
of a river basin while other PA's have reduced soil loss levels. The River 
Basin objective is met and the national average soil loss level is increased 
because of the looser restraint on sediment loads. 
Water and irrigated land use 
The use of irrigated croplands and water vary with the alternatives in 
sediment control imposed on the model. Table 51 gives a summary of 
the use of irrigated lands and water considering five alternatives. The 
use of land for irrigated crops are nearly constant for all alternatives. 
However, the use of irrigated land to produce dryland increases signifi­
cantly in the Minimum Sediment and PA-Limit alternatives. In both of these 
alternatives it appears that the reduced sediment load requirement caused 
the cultivation of more land, not to produce more commodities, but rather to 
reduce the cropland erosion. This caused the increase in acreage to occur 
in the less costly nonirrigated crops. Water use also increased in the 
Minimum Sediment Alternative. This increased water use occurs in both 
total depletable ground water and surface water consumption. The T-Limit 
Alternative also shows a small increase in water use. In both alternatives 
the use of more water does not accompany large increases in irrigated acres. 
The use of irrigated land has shifted to the more water consumptive crops 
requiring more water for the average acre of irrigated cropland. 
The availability of water is not a limiting resource in any of the 
alternatives of this analysis. However, the relatively high prices on 
I  I 0 to 3 tons/acre 
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9 to 15 tons/acre 
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Figure 48. Average annual cropland soil loss by producing area for the River Basin 
Limit Alternative 
Table 51. Total irrigated land and water use for the alternatives for sediment control 
Alternative for Sediment Control 
Unrestricted Minimum T-Limit PA-Lirait River Basin 
Sediment Limit 
(000 acres) 
Irrigated lands: 
Irrigated crops 23,571 23,679 23,479 22,874 23,273 
Dryland crops 4,189 7,192 4,812 5,498 4,872 
Idle 3,114 0 2,578 2,497 2,725 
(000 acre-feet) 
Water use: 
Withdrawals 81,009 90,740 83,830 79,645 79,681 
Consumption 49,341 54,612 50,863 48,509 48,809 
Depletions 4,079 8,194 4,880 3,220 4,052 
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depletable ground water are Illustrated by the use of land resources in 
dry crops to reduce erosion rather than to irrigate these lands. Table 32 
shows the use of ground water by river basins for each alternative. The 
noticeable increases in ground water use occur in the Lower Colorado, 
Arkansas-White-Red, Texas-Gulf, and Missouri river basins, doubling the use 
of ground water in the Minimum Sediment Alternative. In the PA-Limit Al­
ternative the forced reduction of sediment deliveries reduces the amount 
of idle cropland to prevent erosion. However, this purpose is met at min­
imum cost by using drylands and avoiding the cost of expensive water. This 
seems to be true for both ground water (Table 52) and surface water (Table 
53). The regional use of surface waters in the Minimum Sediment Alterna­
tive increases most dramatically in the California-South Pacific River 
Basin accompanying the large increase in cropland acreages. 
Commodity production 
Variations in the mix of commodities produced under a specific 
alternative provide some of the most important changes in the composition 
of agriculture to meet environmental demands through sediment control. 
Table 54 gives the total acreage of the major crops produced for each of 
the five alternatives. The changes are most notable for the extreme case 
shown in the Minimum Sediment Alternative. Large increases in acreage of 
almost all crops accompany a substantial decrease in the crop yields shown 
in Table 55. A 90 percent increase in total hay acreage, a 37 percent in­
crease in com acreage, and a 122 percent increase in oat acreage are used 
to offset the 88 percent decrease in silage production. These increases 
occur because of two interacting problems. One, as cropland erosion 
Table 52. Total use of depletible ground wal;er by river basin for the alternatives for sediment 
control 
Alternative for Sediment Control 
Available Unrestricted Minimum T-Limit PA-Limit River Basin 
Sediment Limit 
(000 acre-feet) 
Missouri 897 0 793 0 0 0 
Ark.-White-Red 4,405 1,613 2,065 1,421 1,608 1,011 
Texas-Gulf 3,621 1,546 2,106 2,106 630 1,380 
Rio Grande 23 0 23 0 0 0 
Upper Colorado 0 0 0 0 0 0 
Lower Colorado 3,000 906 2,866 1,336 969 1,047 
Great Basin 600 14 347 17 13 14 
Col.-N. Pacific 0 0 0 0 0 0 
California 7,774 0 0 0 0 0 
Western States 4,079 8,194 4,880 3,220 4,052 
Total 
Table 53 . Total withdrawals of surface water by river basin for the alternatives for sediment 
control 
Alternative for Sediment Control 
Unrestricted Minimum T-Limit PA-Limit River Basin 
Sediment Limit 
(000 acre-feet) 
Missouri 23,244 24,374 24,189 22,840 22,846 
Ark.-White-Red 8,855 8,834 8,213 8,922 8,879 
Texas-Gulf 3,200 2,788 3,689 2,162 3,011 
Rio Grande 3,662 4,732 3,267 4,020 3,677 
Upper Colorado 3,766 3,412 4,045 3,827 8,766 
Lower Colorado 5,627 8,281 6,141 5,696 5,774 
Great Basin 4,111 5,485 4,023 3,580 4,150 
Col.-N. Pacific 16,405 15,591 17,391 16,325 15,342 
California 12,135 17,238 12,868 12,269 12,233 
Western States 81,009 90,740 83,830 79,645 79,681 
Total 
Table 54. Total acreage cl: major crops for l;he alternatives for sediment control 
Commodity Unrestricted Minimum T-Llmlt PA-Llmlt River Basin 
Sediment Limit 
(000 acres) 
Barley 7,726 11,176 8,766 10,486 7,916 
Corn Grain 55,728 76,412 58,816 55,143 55,686 
Cotton 5,873 9,271 5,776 5,860 5,933 
Hay* 52,239 99,460 56,916 54,015 52,287 
Oats , 6,771 15,042 7,111 7,351 6,662 
Silage® 24,129 2,904 10,253 23,341 24,396 
Sorghimi Grain 15,102 16,144 17,764 16,082 14,814 
Soybeans 84,357 76,977 81,620 82,753 83,895 
Sugar Beets 1,893 1,668 1,763 1,874 1,836 
Wheat 43,722 51,439 44,233 44,951 43,356 
*Total of legume and nonlegume hay. 
^Total of corn and sorghum silage. 
Table 55 . National average crop yields for the major crops for the alternatives for sediment 
control 
Alternative for Sediment Control 
Commodity Unit Unrestricted Minimum T-Limit PA-Limit River Basin 
Sediment Limit 
(000 units) 
Barley bu. 73. 28 59. 31 71, .99 70, .52 71 .91 
Corn Grain bu. 123. 32 102, .86 121, .18 123, .68 123, .58 
Corn Silage tons 17. 08 13, .14 17, .02 17. 10 17, .18 
Cotton bales 1. 83 1, .16 1. ,86 1. 83 1, .81 
Legume Hay tons 4. 12 3. 45 4. ,01 4. 05 4, .11 
Nonlegume Hay tons 3. 28 2, .41 3. ,31 3. 37 3, .23 
Oats bu. 65. 34 69. 60 67. ,13 66. 08 66. 44 
Sorghum Grain bu. 56. 23 55. ,79 53. , 66 56. ,69 57. 43 
Sorghum Silage tons 15. 60 12. ,70 13. ,82 15. ,03 15. ,51 
Soybeans bu. 40. 38 39. ,24 40. ,92 40. ,95 40. ,59 
Sugar Beets tons 21. 07 23. ,91 22. 63 21. ,29 21. ,73 
Wheat bu. 38. 69 41. ,98 38. ,22 37. ,69 38. ,90 
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controls are applied, additional acreage is used to offset the decreasing 
yields from the utilization of conservation acid tillage practices. The 
second, and perhaps more important reason for these increased yields, is 
that the removal of silage acreage to reduce erosion creates a deficit in 
livestock feeds which can be made up only by increasing the total acres in 
other feed grains. This is shown in Table 56 , where the input of com 
grain, oats, and hay roughage to livestock production is sizeably increased 
while silage inputs are almost eliminated. The increased production is on 
increasingly poorer quality land, thereby decreasing the average yield. 
For the intermediate sediment restraints expressed by the T-Limit 
Alternative, small, somewhat proportional increases occur in feed grain 
acreages with silage acreage decreasing by 58 percent. These changes re­
flect the number of silage rotations that have excessive soil loss and are 
eliminated by the T-limit placed on the soil loss. To replace the silage 
acreage lost to erosion control practices, the remaining feed grain acreages 
are increased. 
In both the Minimum Sediment and T-Limit alternatives, soybean acreages 
show a substantial decrease from the base level. The decrease is about 9 
percent in the Minimum Sediment Alternative and is a response 
to the relatively high soil loss associated with soybean production and the 
decrease in the use of oilmeals in livestock rations as the amount of hay 
roughage increases. Increases in oat, wheat, and barley production is used 
for the two functions of producing feed grains for livestock and to reduce 
erosion. The shifts to large acreages of small grains reduces the poten­
tial erosion. 
Table 56. The use of crop commodities in the production of livestock by the alternatives for 
sediment control 
Alternative for Sediment Control 
Commodity Units Unrestricted Minimum 
Sediment 
T-Llmlt PA Limit River Basin 
Limit 
(000 units) 
Corn Grain bu. 4,175,018 5,162,162 4 ,430,161 4,122,647 4,184,597 
Sorghum Grain bu. 454,060 505,517 558,234 516,577 455,616 
Barley bu. 312,395 409,081 377,283 485,800 315,494 
Oats bu. 317,592 921,821 352,152 360,520 317,392 
Wheat bu. 69,542 537,609 68,657 72,272 64,670 
Oilmeals ton» 696,758 515,407 666,334 688,858 694,318 
Legume Hay ton» 188,636 167,992 196,540 186,139 184,794 
Nonlegume Hay ton» 180,244 251,938 185,691 186,443 182,585 
Silage ton» 389,474 37,783 316,851 366,876 393,317 
Pasture toniî 154,491 154,491 154,491 154,491 154,491 
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Several important shifts in regional crop production are required to 
produce the required commodities and meet sediment restrictions at the 
same time. For the Minimum Sediment Alternative, the regional production 
patterns are shown in Table 57 . All regions increase in total hay acre­
ages when compared to Table 35 for the Unrestricted Alternative. Similarly, 
the decrease in silage production affects all river basins. Large increases 
in corn grain acreages occur in the Missouri River Basin and the Souris-
Red-Rainy River Basin. In the Missouri River Basin this increase is a 700 
percent increase. This new corn acreage occupies land that is primarily 
idle in the Unrestricted Alternative. 
A major shift also occurs in cotton production with the acreage in the 
Texas-Gulf Basin from 21 thousand acres to 6.1 million acres, and in the 
California-South Pacific Basin from 123 thousand to 2.4 million acres. 
Cotton production is eliminated from the erosive South Atlantic-Gulf and 
Lower Mississippi basins. Increases in hay and small grain production 
occur in these two basins to reduce erosion. The soil loss rates in the 
Texas-Gulf and California-South Pacific basins are substantially lower than 
in the Southeast, even for cotton. This reduction in soil loss from cotton 
production is accompanied by a 58 percent increase in total cotton acreage 
because of the decreased yield on dryland cotton in Texas. Soybean acre­
age increases radically in the Arkansas-White-Red, Upper Mississippi, and 
Ohio river basins. 
For the T-Limit Alternative, acreage shifts are less prominent. 
Uniform decreases occur in silage production and small increases occur in 
Table 57. Acreages for major crops by river basin for the Minimum Sediment Alternative. 
River Barley Corn Cotton Hay^ Oats Silage^ Sorghum Soybeans Sugar Wheat 
Basin Grain Grain beets 
(000 acres) 
New England 0 0 0 879 165 1 0 0 0 0 
Mid Atlantic 916 1,360 0 3,677 568 0 0 1,684 0 215 
S. Atlantic-Gulf 0 3,239 0 2,841 520 199 0 12,139 0 116 
Great Lakes 0 6,642 0 5,486 1,064 0 0 4,139 518 3,164 
Ohio 422 7,864 0 3,257 399 0 0 8,331 0 8,242 
Tennessee 0 1,382 0 920 0 0 0 575 0 397 
Upper Mississippi 0 25,253 0 7,794 4,042 0 0 16,784 0 6,401 
Ix)wer Mississippi 0 1,489 0 7,634 1,490 0 0 5,873 0 1,781 
Sourls-Red-Ralny 0 8,422 0 2,429 2,385 0 0 5,267 0 0 
Missouri 7,847 19,675 0 33,345 2,435 541 3,791 8,890 449 12,964 
Ark.-White-Red 111 377 22 10,234 970 1,458 10,371 10,799 187 7,379 
Texas-Gulf 0 439 6,143 10,086 185 0 1,414 2,495 0 1,687 
Rio Grande 219 138 278 970 34 97 456 0 0 20 
Upper Colorado 90 39 0 357 0 361 0 0 33 289 
Lover Colorado 0 0 158 761 0 5 3 0 0 244 
Great Basin 267 0 232 1,148 0 0 0 0 170 277 
Col.-N. Pacific 391 93 0 5,581 786 230 0 0 243 7,539 
California 914 0 2,438 2,064 0 11 110 0 68 725 
United States ^  11,176 76,413 9,272 99,460 15,043 2,008 16,144 76,977 1,669 1,440 
^Total of legume and nonlegume hays. 
^Total of corn and sorghum silages. 
^Totals may not add due to computer rounding. 
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hay production. Soybean acreage decreases slightly in the Upper Mississippi 
River Basin. These acreages are shown in detail in Table 58 . 
The crop production acreages for the PA-Limit and River Basin Limit 
alternatives are shown in Tables 59 and 60, respectively. No large inter­
regional shifts in crop production are observed for either alternative. 
This is due primarily to the moderate restraints on sediment loads which 
can be met more efficiently by increased use of conservation and tillage 
practices than interregional shifts in commodity production. 
\ 
Table 58. Acreages for major crops by river basin for the T-Llmlt Alternative 
River 
Basin 
Barley Corn 
Grain 
Cotton Hay^ Oats 
(000 acres) 
Silage^ Sorghum 
Grain 
Soybeans Sugar 
beets 
Wheat 
New England 0 0 0 339 97 76 0 0 0 2,598 
Mid Atlantic 925 1,674 0 1,096 127 162 0 1,052 0 1,188 
S. Atlantic-Gulf 256 1,544 1,414 1,879 476 1,587 0 7,958 0 1,578 
Great Lakes 327 8,845 0 1,867 476 351 0 5,039 1,346 2,395 
Ohio 999 9,455 0 1,501 42 493 0 11,624 0 45 
Tennessee 0 120 46 468 0 36 0 1,829 0 2,064 
Upper Mississippi 0 26,191 0 5,761 868 123 213 22,219 0 590 
Iiower Mississippi 0 21 2,45:2 1,323 62 0 0 5,529 0 5,895 
Souris-Red-Rainy 562 5,954 0 0 0 0 0 4,975 0 12,411 
Missouri 4,636 3,711 0 20,932 4,221 5,975 9,300 12,624 163 7,197 
Ark.-White-Red 194 279 1,197 12,059 307 4,523 3,310 6,592 254 2,049 
Texas-Gulf 0 202 207 3,503 436 4,770 4,942 2,179 0 20 
Rio Grande 134 564 0 441 0 41 0 0 0 7 
Upper Colorado 77 0 0 402 0 441 0 0 0 50 
Lower Colorado 38 0 153 429 0 420 0 0 0 525 
Great Basin 89 0 0 347 8 313 0 0 0 5,102 
Col.-N. Pacific 77 0 0 2,722 0 506 0 0 0 520 
California 453 257 307 1,926 0 721 0 0 0 44,234 
United States^ 8,766 58,817 5,776 56,916 7,111 10,253 17,765 81,620 1,763 44,234 
^Total of legume and nonlegume hays. 
^Total of corn and sorghum silage:;. 
^Totals may not add due to computer rounding. 
Table 59. Acreages for major crops by river basin for the PA-lirait Alternative. 
River 
Basin 
Barley Corn 
Grain 
Cotton Hay^ Oats 
(000 acres) 
Silage'' Sorghum 
Grain 
Soybeans Sugar 
Beets 
Wheat 
New England 0 0 0 270 76 121 0 0 0 0 
Mid Atlantic 909 1,736 0 1,050 57 182 0 1,121 0 2,729 
S. Atlantic-Gulf 94 1,479 2,198 613 333 1,056 0 10,755 0 1,161 
Great Lakes 499 9,065 0 1,433 507 324 0 4,560 1,695 1,400 
Ohio 825 9,601 0 1,710 22 228 0 12,030 0 1,810 
Tennessee 0 46 0 128 11 0 0 1,989 0 0 
Upper Mississippi 0 25,696 0 5,930 586 124 213 24,134 0 339 
Lower Mississippi 0 48 2,566 2,330 89 210 0 10,317 0 1,247 
Souris-Red-Ralny 562 3,498 0 0 0 0 0 2,559 0 8,594 
Missouri 5,761 2,109 0 21,184 4,791 8,511 7,216 8,062 163 10,307 
Ark.-White-Red 557 744 837 10,122 386 6,045 3,436 5,009 16 8,337 
Texas-Gulf 0 202 48 3,387 474 4,091 5,136 2,219 0 2,628 
Rio Grande 134 622 0 379 20 224 51 0 0 0 
Upper Colorado 62 0 0 371 0 433 0 0 0 45 
Lower Colorado 38 0 105 442 0 335 31 0 0 71 
Great Basin 89 0 0 384 0 173 0 0 0 589 
Col.-N. Pacific 283 0 0 2,404 0 443 0 0 0 5,195 
California 673 296 107 1,876 0 837 0 0 0 501 
United States c 10,487 55,144 5,861 54,015 7,351 23,341 16,083 82,754 1,874 44,951 
^Total of legume and nonlegume hays. 
^Total of corn and sorghum silages. 
^Totals may not add due to computer rounding. 
Table 60. Acreages J:or major crops by river basin for the River Basin Limit Alternative. 
River 
Basin 
New England 
Mid Atlantic 
St Atlantic-Gulf 
Great Lakes 
Ohio 
Tennessee 
Upper Mississippi 
Lower Mississippi 
Souris-Red-Rainy 
Missouri 
Ark.-White-Red 
Texas-Gulf 
Rio Grande 
Upper Colorado 
Lower Colorado 
Great Basin 
Col.-N. Pacific 
California 
United States ^  
Barley Corn 
Grain 
Cott;on Hay^ Oats 
(000 acres) 
Silage^ Sorghum 
Grain 
Soybeans Sugar 
Beets 
Wheat 
0 0 0 232 66 219 0 0 0 0 
912 1,717 0 1,112 42 211 0 1,058 0 2,723 
192 1,503 2,074 805 349 1,164 0 10,367 0 1,166 
478 9,155 0 1,418 496 315 0 4,649 1,667 1,331 
700 9,524 0 1,445 3 362 0 12,039 0 1,762 
0 35 0 105 0 0 0 1,980 0 0 
88 26,413 0 4,659 468 136 223 24,663 0 262 
0 111 2,575 1,900 152 538 0 10,604 0 829 
562 3,259 0 0 0 0 0 3,184 0 8,929 
3,567 2,216 0 21,035 4,322 8,760 5,896 7,855 153 10,502 
522 693 1,062 10,217 350 5,442 3,211 5,279 10 7,956 
0 205 21 3,359 400 4,577 5,412 2,219 0 1,485 
103 560 0 413 15 237 42 0 0 2 
62 0 0 364 0 417 0 0 0 41 
38 0 105 430 0 367 30 0 0 65 
89 0 0 402 0 231 0 0 0 572 
84 0 0 2,515 0 525 0 0 0 5,283 
519 296 96 1,874 0 897 0 0 0 449 
7,917 55,687 5,933 52,287 6,662 24,396 14,814 83,896 1,836 43,356 
^Total of legume and nonlegume hays. 
^Total of corn and sorghum silages. 
*^Totals may not add due to computer rounding. 
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CHAPTER VI. CONCLUSIONS AND IMPLICATIONS 
OF SEDIMENT CONTROLS 
Suspended sediment moving the streams of the United States is a 
significant social as well as physical problem. The economic problem of 
dealing with sediment is the allocation of the cost and benefits associated 
with this polluting substance. Benefits of removing sediment from the 
streams are not ail observable in the competitive market for water services 
since the seirvices of water are not always assessible to man's keen accoun­
ting system of financial rewards and penalties. The use of water as a 
biological growth medium and as an input resource for the biological popu­
lations of the ecosystems that surround man is one example of an unaccounted 
service of water. Determining the benefits and cost of such services is 
not totally within the realm of man's capability. However, an evaluation 
of these services and the cost of reducing the polluting elements 
that block the uses of water can be carried out by establishing environ­
mental goals and by assessing the mechanisms required to remove the pollut­
ing substances that violate the environmental goals. The resulting bene­
fits are accounted by the agents receiving the water, both human and bio­
logical. 
So it is with sediment. Control of the natural stream sediment loads 
that are a part of wearing and aging of the land is often considered impos­
sible. But this arbitrary relenting of responsibility fails to recognize 
that the economic processes of man accelerate erosion and contribute addi­
tional sediment to almost all stream loads. The development of cities and 
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highways induces the movement of large quantities of soil into the water­
ways. Similarly, the use of land to produce man's resources and commodity 
needs also increases the erosion potential of the soil. In some areas, 
nonagricultural land uses are the important sources of soil loss. However, 
the most prolific sources of sediment in our streams are those lands used 
by agriculture and its related uses. 
The agricultural uses of land in forest, range, and pasture are very 
important sources of erosion in most areas of the United States. Unfortu­
nately, the management of these noncropland uses to preserve the soil and 
reduce sediment is not readily available to man and much of the land in 
noncropland uses continues to erode. In cropland, however, man has a 
readily usable and, in most instances, highly flexible resource that is 
subject to human management to simultaneously produce commodity needs and 
to meet environmental goals including the reduction of sediment loads in 
the nation's rivers. The analysis of some of the options available in agri­
cultural crop production to simultaneously produce the commodities required 
by society and to help in the attainment of better levels of water quality 
is the primary goal of this model. This analysis is pursued using an inter­
regional linear programming model which recognizes the interrelationships 
of agricultural land management and erosion, both natural and accelerated 
by man's use of the land. 
Summary of Sediment Control Alternatives 
The assessment of. the impacts of specific goals in sediment water 
quality constitutes a major portion of this study which looks at five 
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alternatives for sediment control, each stating an environmental goal of 
society as a whole. This chapter gives a summary of the results of the 
five scenarios and some of the implications of the various goals on the 
agricultural production system, in particular, and the society, in general. 
The role of noncropland erosion 
One of the overriding implications of this analysis is that in many 
areas of the United States, the use of land in agricultural crop production 
is of minor consequence. The proportion of the total national land surface 
in such cropland is rather small except for specific agriculturally con­
centrated areas, such as the intensive cropping areas of the Corn Belt 
states, the Texas High Plains, and parts of the western Great Plains. Fig­
ure 49 illustrates this regional specificness of cropland erosion from non-
cropland sources for the 18 major river basins for the Unrestricted Alter­
native of Chapter V. The proportions of total erosion from noncropland 
sources range from 40.5 percent in the Souris-Red-Rainy River Basin to 98.3 
percent in the Upper Colorado River Basins for the Unrestricted Alternative. 
Nationwide, 74.3 percent of the total sediment load moving from the United 
States comes from noncropland sources; or said another way, only 25.7 per­
cent of the total sediment load could be removed by stopping all soil loss 
from cropland. These high proportions of sediment from noncropland sources 
reduce the effectiveness of the sediment controls aimed directly at cropland 
agriculture in many areas of the United States. 
• 
• 
less than or equal to 
20 percent 
greater than 20 percent and 
less than or equal to 50 percent 
greater than 50 percent and 
less than 80 percent 
greater than 80 percent 
Figure 49. Proportion of total erosion from noncropland sources by 
for the Unrestricted Alternative 
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Sediment loads 
The desired environmental goal of reducing total national sediment 
loads can be accomplished by adapting agricultural cropland uses and crop­
ping technologies to bring about specific sediment control goals. The t]rpe 
of restriction or goal placed on sediment control determines the effect and 
cost of each environmental goal. The total national sediment loads are 
shown in Table 61, along with other summary data for the five alternatives. 
The four control or goal alternatives all reduce the sediment load from the 
Unrestricted Alternative. However, the magnitude of the reduction and the 
use of agricultural resources changes for each alternative. The 318 million 
tons per year of sediment load for the Minimum Sediment Alternative is the 
minimum national sediment load given the fixed consumer demands speci­
fied in the model. This minimum load is a 23.3 percent reduction in total 
load from the Unrestricted Alternative. The maximum reduction possible in 
sediment load when all cropland erosion is stopped is 25.7 percent. There­
fore, only 2.4 percent further reduction in sediment load is possible if 
all cropland soil losses were stopped. Cropland sediment loads are reduced 
to only 3.1 percent of the total national load and total cropland contri­
butions to the sediment load is reduced by 90.6 percent. This is graphi­
cally illustrated in Figure 50 . The sedimmt load for the Minimum Sedi­
ment Alternative is a lower bound on the reduction of sediment load avail­
able through cropland management, and the costs in terms of both production 
technologies and interregional changes are extreme. 
For the T-Limit Alternative, the reduction in sediment load is more 
moderate and less costly. The reduction of 376 million tons per year is a 
Table 61. Summary of sediment load and land use data for the alternatives 
for sediment control 
Unit Unrestricted Minimum 
Sediment 
(Unit) (Unit) (Percent 
Total Sediment Load (000,000 tons) 415.0 318.3 -23.3 
Sediment Yield (tons/sq.mi.) 116.8 89.6 -23.3 
Average Soil Loss (tons/acre) 4.95 1.02 -79.4 
Con. til. residue 
removed (000,000 acres) 48.3 56.8 17.6 
Con. til. residue 
left (000,000 acres) 144.9 79.3 -45.3 
Reduced Tillage (000,000 acres) 115.6 226.6 96.0 
Straight Row (000,000 acres) 94.1 65.7 -30.2 
Contouring (000,000 acres) 112.4 126.9 12.9 
Strip Cropping (000,000 acres) 68.7 5.8 -91.6 
Terracing (000,000 acres) 33.6 164.4 389.3 
Row (000,000 acres) 187.1 183.4 -2.0 
Close Grown (000,000 acres) 58.2 77.7 33.5 
All Hay (000,000 acres) 52.2 99.5 90.6 
Summer Fallow (000,000 acres) 11.3 2.3 -79.6 
Cropland Acres (000J000 acres) 308:8 362.8 17.5 
Idle (000,000 acres) 55.6 1.6 -97.1 
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T-Limit PA-Limit River Basin 
Limit 
(Unit) (Percent) 
376.4 -9.3 
106.0 -9.3 
1.85 -62.6 
(Unit) (Percent) 
393.7 -5.1 
110.8 -5.1 
3.74 -24.4 
(Unit) (Percent) 
393.7 -5.1 
110.8 -5.1 
4.33 -12.5 
46.8 -3.1 49.5 
135.0 -6.8 147.0 
128.9 11.5 119.2 
63.4 -32.6 80.0 
111.0 -1.2 109.5 
61.7 -10.2 81.9 
74.5 121.7 44.3 
2.5 48.7 .8 
1.4 142.1 -1.9 
3.1 117.5 1.6 
-15.0 81.9 13.0 
-2.6 107.4 -4.4 
-19.2 83.4 21.4 
31.8 35.7 6.3 
186.3 -.4 185.1 
60.1 3.2 62.8 
56.9 9.0 54.0 
7.8 -1.0 13.9 
-1.1 186.6 -.3 
7.9 57.9 -.5 
3.4 52.3 .2 
23.0 11.5 1.8 
310.6 
53.7 
315.7 2 . 2  308.3 
A 
- . 2  
7 
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9.4 percent reduction for the base level. This reduction is accomplished 
by limiting farm level production technologies to those that produce no 
more than regionally specified soil conservation tolerance levels. 
Both the PA-Limit and River Basin Limit alternatives reduce the 
national sediment load by 5 percent. These alternatives, although offering 
the same level of national sediment reduction, have quite different results. 
This variation in results, both in cost and in location of production, is 
attributable to substantially different land uses. 
The two intermediate alternatives of control at the river basin and 
PA levels which offer marginal changes in sediment loads are more practical 
than either of the two extreme cases—the Unrestricted Alternative and the 
Minimum Sediment Alternative. The use of the natural river course and the 
land uses among the various regions of the country are important variables 
when assessing sediment control procedures. The existing stream sediment 
entrapment structure allocates this soil residual according to the physi­
cal mechanisms that move sediment toward the ocean. Utilizing the stream 
structure to plan water quality contributions and agricultural production 
in the various regions of the United States is a significant part of the 
differences in the achievement of the goals in water quality. 
Land use 
The use of land in specific crops and technological uses given in 
Table 61 is summarized in Figures 51, 52, and 53 for each alternative in 
sediment control. Figure 51 gives the use of cropland by primary use in­
cluding idle cropland. The extreme case of the Minimum Sediment Alternative 
is exemplified by a slight (2 percent) reduction in row crop acreage and 
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large increases (33.5 percent and 90.6 percent, respectively) in close-
grown and hay crop acreages. Summer fallow and idle land are virtually 
eliminated in the Minimum Sediment Alternative. This alternative uses sub­
stantially more cropland than does any of the other alternatives and shows 
a 17.5 percent increase in total cropland use from the Base Alternative. 
This land is used to produce crops as a substitution for the erosive 
soybeans and silage acreages which are no longer grown in the quantities 
of the Unrestricted Alternative. The use of land among the crop types does 
not change substantially among the other alternatives as small management 
changes are sufficient to bring about the less radical modifications re­
quired to meet the sediment control goals. 
Application of tillage and conservation practices show more variation 
among the alternatives than does the use among crop types. The Minimum 
Sediment Alternative has the large increase in reduced tillage and terrac­
ing acreages. These increases are 96.0 percent and 389.3 percent, respec­
tively. Larger acreages of cropland are devoted to contour cropping than 
in the Base Alternative as straight row practices are eliminated to reduce 
soil loss. Straight row acreages are 30.2 percent less than in the Unre­
stricted Alternative. Strip cropping techniques are almost totally elimi­
nated indicating that for lands which have substantial erosion control prob­
lems, terracing is more effective in reducing gross soil loss than strip 
cropping. For the lands which do not use the soil loss reducing conserva­
tion technologies, these technologies either cannot further reduce soil loss 
or they are not available on specific land quality classes in the region. 
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For the T-Limlt Alternative, the increased use of erosion reduction 
tillage practices are similar but less drastic, as reduced tillage acreage 
increases by 11.5 percent and conventional tillage practices decrease by 
about 10 percent over the Unrestricted Alternative's levels. From a con­
servation treatment standpoint, straight row and strip cropping acreages 
decrease while terracing acreages increase. 
For the PA-Limit and River Basin Limit alternatives, the composition 
technologies used in crop production is not greatly changed for the Unre­
stricted or Base Model when viewed as national totals (see Table 61 ). 
However, the flexibility of American agriculture to change crop production 
among the regions, the crops, and the crop production technologies is par­
tially hidden in national acreage totals. The variation among regions is 
particularly obvious since the arid and semiarid areas of the western states 
produce crops with less erosive potential. However, the shifting of crop 
production to these areas becomes more restricted when the stream sediment 
restraints are imposed on individual subriver basins rather than at the 
less restrictive river basin level. This flexibility in production mechan­
isms is increased further when sediment restraints are placed at the 
national level only. 
Crop production 
The trade-offs among the principle crops of the model are shown in 
Figures 54 and 55 for the various alternatives. These two figures repre­
sent the production of grains and other commodities used in livestock pro­
duction for each of the alternatives. For the Minimum Sediment Alternative, 
total grain production increases substantially. The principle increases 
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are for the commodities com, oats, and wheat. At the same time, however, 
a large increase occurs in the amount of nonlegume hays produced (Figure 
55 ). Furthermore, silage, legume hay, and oilmeal production all decrease. 
These decreases make room for the increased acreage in the close-grown 
crops which reduce soil loss. These changes in crop production are attri­
butable to two primary and complimentary effects. First, the use of lands 
in highly erosive silage and soybean crops is reduced. The lands formerly 
occupied by these crops is shifted to soil-conserving hay and small grain 
(close-grown) crops. These increases in production of wheat, oats, and 
barley are augmented by increased acreages of corn and sorghum which have 
lower average soil loss rates than either silage or soybeans. The net re­
sult is a substantial reduction in total sedimentload. The second effect 
which produces the changes in crop production patterns is the substitution 
among the livestock feeds used to produce the livestock commodities. These 
substitutions are radically changed livestock feeding systems. These sys­
tems utilize more corn, sorghum, wheat, barley, oats, and hay roughage. 
Silage and oilmeal inputs to livestock production decrease, easing the ero­
sion problems of specific areas. 
This same set of substitutions and utilisations cf livestock inputs 
exist to some extent in all of the sediment control alternatives considered 
in this study. 
Conclusions and Implications of Sediment 
Control Alternatives 
The analysis of sediment as a residual that can be controlled by 
managing agricultural cropland and cropland production reveals several 
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important implications which confront water quality planners. These impli­
cations involve the locational aspects of cropland soil loss as a contri­
butor to total sediment loads, regional allocation of sediment controls, 
and the national cost of sediment control. 
Locational aspects of cropland sediment 
The large proportion of the total sediment loads for each of the 
alternatives that originates from noncropland (noncontrolled) erosion 
sources limits the type and feasibility of the sediment controls that can 
be applied to agriculture. Regions in the western states have a demonstra­
ted production advantage when sediment controls are placed as residual soil 
loss limits at the farm level (T-Limit Alternative). In these semiarid 
areas, few crop production techniques produce waterborne soil loss in ex­
cess of the acceptable conservation limits. This advantage, however, does 
not extend to other types or sediment constraints which are applied uni­
formly to all river basins or PA's since the equally proportional reduction 
in sediment loads are required in each area. 
Cropland generally contributes such low proportions of the total 
sediment loads in western states that application of any regional decrease 
in sediment load to croplands alone hardly affects the total sediment load. 
The high sediment contributions of noncroplands to total sediment loads 
limit the water quality impacts of the alternatives applied to the sediment 
transport system. These noncropland sources must also be assessed as to 
the land mangement and water quality controls necessary to accomplish water 
quality goals. This task I leave to other researchers. In the meantime, 
all evaluation of nonpoint sources of pollution must consider the trade-offs 
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between the sediment controls which apply directly to controlled and con­
trollable land resources and to those land resource uses whose sediment 
contributions go almost unnoticed and uncontrolled. 
Regional allocation of controls 
The second primary policy implication of this study is that not only 
do regional variations in land use affect the sediment reduction policy or 
goal, but so does the type of control applied. 
Administrative control over nonpoint sources of sediment pollution 
determines to a large extent how the controls effect the agricultural pro­
duction of the country. The alternatives analyzed in this study emphasize 
the affects of specifying sediment controls at various regional levels. 
The Minimum Sediment Alternative reduces national loads to a minimum 
without regard to the actual improvement or degradation of water quality in 
specific river basins. Because of the extreme change prompted by sediment 
minimization, the sediment loads of all regions are decreased individually. 
However, those individual regions which have less significant cropland and 
cropland erosion are disproportionately penalized for sediment loads. 
The T-Limit Alternative approaches the problem of sediment control 
from another prospective. The limiting of soil loss at the farm or produc­
tion level is effective in recognizing the regional differences that exist 
in soil loss. The potential reductions in sediment load from applying a 
T-Limit to all regions are significant if the limits are placed uniformly. 
Unfortunately, some regions require more control of sediment load levels 
than is available from simply applying a uniform T-Limit to all cropping 
technologies. Such direct regional controls are most logically applied 
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at the river basin or subriver basin. However, the changes in regional 
income and agricultural production must be considered when this type of 
control is applied. 
The PA-Limit Alternative applies a sediment delivery restriction to 
each subriver basin (PA), individually. This type of reduction signifi­
cantly penalizes the producers of many areas, particularly in the western 
states. This type of penalty is demonstrated by observing that the national 
and river basin sediment loads for the PA-Limit and River Basin Limit alter­
natives are almost identical. However, the changes that occur in the pro­
duction of the various PA's are not as high for the River Basin Alternative 
as for the PA-Limit Alternative. The acreages of costly conservation prac­
tices are reduced in the River Basin Alternative and, consequently, the 
cost of producing food commodities is also lower. Therefore, the fixed bill 
of goods demanded by consumers is produced at lower total national cost 
for the River Basin Alternative than for the PA-Limit Alternative » 
The water quality improvements at the river basin level are identical 
for the two alternatives. However, the local or PA improvonents in water 
quality are not achieved uniformly in the River Basin Limit Alternative as 
in the PA-Limit Alternative, since not all PA's are restricted in sediment 
loads and since the local river flow conditions are considered in deter­
mining the optimal placement and technologies used in each river basin. 
Therefore, the PA's with high productivity and low costs produce larger 
sediment loads in the River Basin Limit Alternative than in the PA-Limit 
Alternative, while less competitive PA's are used for specialized crops 
and technologies which reduce the sediment loads to the required levels at 
the river basin level by reducing the loads only in specific areas. 
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These alternatives indicate that the management of each river basin's 
water quality is a total land management problem, a problem shared to 
some extent, by all producing areas in the basin. 
Cost of sediment control 
The final aspect of this analysis is to assess the total national cost 
of controlling sediment. The total costs of producing and transporting 
the national food and fiber conmodities required for consumers and exports 
in year 2000 are shown in Table 62 for the five alternatives for sediment 
control. The total costs are computed as the sum of all costs of supplying 
the commodities under varying alternatives in 1971-72 average input prices. 
The increases in total costs for the four sediment control alternatives 
represent the change in crop production cost required to meet the environ­
mental controls of each condition. The indexed costs show the proportional 
impact of the changing sedizent controls. The Minimum Sediment Alternative 
increases the total costs by a substantial 42 percent. However, only a 2.9 
percent increase in total costs is required to meet the T-Limit Alternative. 
The PA-Limit and River Basin Limit alternatives increase total costs only 
.3 percent and .1 percent, respectively. The smaller costs for the less 
restraining alternatives are si^ifleant reductions in the cost for obtain­
ing less ambitious goals. 
Figure 56 presents the change in total cost per ton reduction in 
national sediment load plotted against the percent reduction in the sedi­
ment load. This figure is an average cost curve for each ton of reduction 
in the national total sediment load. Average cost curves are shown for 
the total sediment load and for the agricultural protion of the sediment 
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load. The achievement of control in the sediment load under the Minimum 
Sediment Alternative represents an extreme in costs. The minimum average 
cost per ton of sediment reduction is $138.53 and achieves a 23.3 percent 
reduction in total national sediment load and a 90.6 percent decrease in 
agricultural contributions to sediment loads. The more moderate controls 
fall on the lower end of the curves. The T-Limit Alternative costs average 
$24.15 per ton to achieve a modest 9.3 percent reduction in total sediment 
load. For the PA-Limit and River Basin Limit alternatives, total sediment 
load reductions of 5.3 percent are achieved, but at two different average 
costs. The lowest average cost for the two alternatives is $1.22 per ton 
reduction for the River Basin Limit Alternative. The average cost is $4.81 
per ton reduction in sediment load for the PA-Limit Alternative. The dif­
ference between these two average costs demonstrates the difference between 
achieving national or river basin level inqprovements by restricting sedi-
nsont deliveries at each PA and at each river basin. The benefits of sedi­
ment control for each alternative must be evaluated at every level of water 
quality concerned to adequately determine if the additional cost is justi­
fied by the increase in benefits. 
Table 62. local cost of producing and transporting ccsmcditiss for the 
alternatives for sediment control 
Alternatives for Sediment Control 
Unrestricted Minimum ï-i<imit PA-Limit River 
Sediwent Basin 
Limit 
Total cost 31,932 45,332 32,863 32,034 31,958 
(million dollars) 
Change in total cost 13,400 932 103 26 
(million dollars) 
Index of total cost(%) 100 142.2 102.9 100.3 100.1 
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The choice of one sediment control goal over another cannot be made 
based on the analysis of this study. Clearly, the extreme cost of the Min­
imum Sediment Alternative is not justified by the potential gains in envi­
ronmental quality. The production of food costs 42 percent more on the 
average. Such increases are not consistent with matching costs to benefits 
in environmental control. Even with the large amounts of unaccounted bene­
fits acquired from the Minimum Sediment Alternative, the $13.4 billion in­
crease in total production costs exceeds the estimated damage of $.5 to $1 
billion (25) by such a large percentage that this control is not a feasible 
alternative to society. 
In contrast, the reduced cost of the other alternatives is more 
compatible with expected benefits, although the reduced control reduces 
the potential benefits gained. Assuming annual damage of $1 billion (25) 
from sediment and assuming the Unrestricted Alternative represents the 
situation which produces chis sediment load, the River Basin Alternative 
produces a 5 percent reduction in sediment loads or $50 million reduction 
in potential damage at a cost of $26 million. The T-Limit Alternative 
reduces sediment loads by 9.3 percent and potential sediment damages by 
$93 million at a cost of $932 million. 
Although not all of the controls produce the reduction in national 
sediment loads at minimum national cost, the preceding discussion of cost 
of controls shows that reduced sediment loads are practical only at some 
levels less thar» absolute mimimum load. Similarly, some beneficial reduc­
tion in sediment loads which offset potential damages may be accomplished 
through proper sediment controls. 
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The choice of the proper control is not available from this study. 
Neither the minimization of the total sediment load nor the Unrestricted 
Alternative offer any real solution to the problems of sediment damage 
within and outside the cropland erosive areas. The solution lies at some 
point in-between. The optimal expression of the goals and formulation of 
policies may include a combination of the goals expressed in this analysis. 
Perhaps, only a few selected river basins and PA's need be restricted in 
sediment loads. This combination of subriver basin, river basin, and na­
tional goals, if properly formulated, could produce the desired reductions 
in stream sediment loads at low total cost. 
Applying these specific formulations of environmental policy to the 
present model will accomplish two important results. First, a "plan" of 
effective land use could be formulated to meet the goals of concern. This 
"plan" could then be administered by river basin commissions, soil conser­
vation districts, and other public agencies to improve water quality. 
Secondly, the regional and national economic impact of regionally specific 
environmental goals could be analyzed to evaluate the type and scope of 
compensation or substitution required to offset the regional and individual 
income changes. The application of regionally specific plans of water 
quality (sediment) improvement are readily analyzed using the procedure 
described in this study. 
Modeling, Water Quality, and Agriculture 
The discussions in this analysis have pointed to several important 
aspects of agriculture and its relationship to sediment water quality. The 
reductions posted for sediment loads in the alternatives considered also 
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imply improvement in the general quality of water. Keeping soil on the 
land also restricts the movement of agricultural chemicals often transported 
with sediment from the land. Maintaining these crop production chemicals 
on the land increases the usefulness of the fertilizers applied to cropland 
that would be removed with the soil. Other nonexcludable benefits also 
can be observed from keeping the soil on the land. For example, conser­
vation of the soil is an equally Important goal in society. The goals of 
conservation and water quality are not exclusive. Recognizing that such 
land use problems, both agricultural and nonagricultural, are also water 
quality problems is a first step toward solving the problem. Models, such 
as the one described in this study, provide some insights into the complex 
interactions of agricultural production in one region of the country with 
water quality in all other regions of the country. This model explores 
these relationships and offers some potential affects of environmental 
goals, and some insights into establishing new criteria. The development of 
final environmental goals is the role of society and its policy makers. 
This study offers a practical procedure for analyzing these goals. 
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APPENDIX: SUBDIVISION OF FEDERAL NONCROPLANDS 
AND URBAN AND BUILDUP LANDS 
Computation of Acreages of Federal Noncroplands 
The National Inventory of Conservation Needs, 1967 (81) provides no 
subclassification of federal noncroplands by use. To provide a more com­
plete classification of land uses for computing erosion required a more 
complete subdivision of the federal noncroplands. This Appendix provides 
the computational procedures used to break the federal noncroplands into 
three use groups based on controlling agency. The three groups are land 
uses controlled by the Bureau of Land Management (BLM), uses controlled by 
the USDA's Forest Service (FS) and other federal noncropland uses. The BLM 
and FS control approximately 81 percent of the total federal noncropland 
as shown in Table A.l. Thus identifying these uses provides a substantial 
sub-identification of land use. Assuming that BLM lands are normally lands, 
either open range or wooded range, used for grazing livestock, and that FS 
lands are normally forest lands used as wilderness, grazing.or for lumber 
production, allows one to estimate the erosion from these sources. The pro­
cedure uses to disaggregate the federal noncroplands also identifies several 
other sources which are summed to give the third classification of other 
federal noncropland. 
The procedure used in the identification of federal lands utilizes 
several sources to determine location by PA of lands from the three clas­
sifications. The most obvious source is the National Inventory which gives 
the total federal noncropland (FNC) by county. This data is easily 
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aggregated to the PA level for both BLM and FS lands from county-by-county 
inventoried data. Secondary sources of land use data include a county-by-
county inventory of BDl lands and FS lands. These inventories are aggre-
gated to give PA totals for BLM and FS lands. 
Table A.l. Acreage of federal noncropland uses. 1972^ 
Federal Use Thousands of Acres 
Bureau of Land Management 172,772 
Fish and Wildlife Department 9,106 
National Parks 12,721 
Bureau of Reclamation 8,100 
Forest Service 166,509 
United States Air Force 8,400 
United States Army 5,114 
Corps of Engineers 883 
United States Navy 2,091 
Atomic Energy Commission 1,895 
Department of Justice 5,658 
Total 387,601 
^Source: (8l). 
For other federal land use,no county inventory could be found. 
Therefore, the other federal land uses are determined by aggregating all of 
the uses of land by the Fish and wildlife Service, National Parks Ssr-zice, 
Bureau of Reclamation, Department of Air Force, Department of Army, Corps 
of Engineers, Department of Navy, Atomic Energy Commission, Department of 
^ata for Bureau of Land Management lands came from individual state 
publications and working papers provided by the state BLM offices. The 
published works are (99) and (89, 90, 91, 92, 93, 94, 95, 96,97.98, 100,101). 
^Data for Forest Service lands were provided by Forest Service person­
nel from unpublished working papers (86). 
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Justice, and other federal uses into one land group. The state total 
federal uses of lands by agency are provided in a report by the Public Land 
Commission (54). 
These lands are allocated to the individual PA's by a weighting 
procedure that apportions the state land totals according to the portion of 
the other federal noncroplands in each PA. Thus, for the ith PA, 
i€3 PNC*. 
where 
W = the proportion of the jth state federal noncropland in the ith 
^ ^ PA,1 
FNC*. . = federal noncropland that is in the ith PA and the jth state 
adjusted for BLM and FS lands, 
FNC*. = total federal noncropland in jth state adjusted for BLM and FS 
^ lands. 
This basic weight is used to apportion the state total of other federal 
o 
land use so that^ 
where 
FN, = the sum of other federal land uses in jth state 
= FWS. + BPS. 4- BR. -j- AF. 4- A. -f CE. + N. + AEG. 4- DJ. > 
J  ] ] ] ] ] ]  ]  1  
and FWS. = land used by the Fish and Wildlife Service in the jth state. 
NFS 
BR 
AF 
A 
= land used by the National Parks Service in the jth state, 
= land used by the Bureau of Reclamation in the jth state, 
= land used by the Air Force in the jth state, 
= land used by the Army in the jth state. 
^The notation i€j indicates the ith PA in the jth state. 
2 
The summation is over all states that have at least one county in the 
ith PA. 
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CEj = land used by the Corps of Engineers in the jth state, 
Nj = land used by the Navy in the jth state, 
AECj = land used by the Atomic Energy Commission in the jth state, 
and BJj = land used by the Department of Justice in the jth state. 
The data for land use by agency is from the report of the Public Lands 
Commission (54). 
This elaborate breakdown of federal lands allows the lands to be summed 
and the total used as an individual land use group. This process is not 
totally accurate but gives an estimate of land use by PA to use in estimat­
ing soil loss in the absence of a more complete inventory. 
Breakdown of Urban and Buildup Lands 
Lands occupying the classification of "urban and buildup" consist of 
highways, airports, city, commercial, residential, and industrial locations 
and city, state, and county government lands. The erosion from such lands 
is highly variables depending upon specific use. However, specified data 
on the use of land in those categories is sparce and of too little detail 
to be of much use in this preliminary calibration. Therefore, only two 
differentiations are used in this study. These are established urban and 
buildup lands and urban and buildup lands in transition. Soil loss rates 
for these two classifications are very different in nature. Established 
areas may have very low soil loss rates since much of the area is paved, 
covered with buildings, or sodded in permanent grass. Sediment loads from 
these areas consist of street runoff. In transition lands, extremely high 
soil loss rates are often observed since, in establishing highways, build­
ings, and other urban projects, the land surface is often stripped bare 
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being exposed to rainfall for large periods of time. These accelerated 
rates are of primary concern to many soil scientists and urban planners. 
To compute the rates of erosion for the urban and buildup lands, estab­
lished and in transition, the number of acres in each group must be esti­
mated. The CNI gives an estimate of total lands in urban and buildup. 
It is assumed that in all areas of the United States the normal period of 
transition is two years. Thus, to estimate the acres in transition at the 
calibration base period, the transition proportion is estimated as 
^ 1970 - 1960 ( . 1 i i °^P 1970 ) 5 
where 
PT^ = proportion of lands in transition in the ith PA, 
Popi96o = population of ith PA in 1960, 
Popi97o = population of ith PA in 1970. 
tinaj-iv. tne acres of land 
U B T , "  =  U B .  •  P T .  .  
•*- X I  
The established acres are UBE^ = UB^ - UBT^ 
where 
UBï^ = urban and buildup lands in transition, 
UBE^ = urban and buildup lands established, 
and UB^ = total urban and buildup lands. 
The soil loss rates for urban and buildup lands are estimated as the 
average rate for lands in ar; inventoried use. For the established acres, 
the rate is estimated as the average rate of erosion of adequately treated 
other lands in an inventoried use. The transition lands are estimated as 
325 
the average rate of soil loss on open lands formerly cropped in the PA. 
The former estimate may be too high, the latter too low. However, such an 
inventory classification is continued throughout the model application so 
that a consistency exists. 
